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A pupil's experiences between the ages of 1 1 and 16 probably shape his 
ultimate view of science and of the natural world. During these years 
most youngsters become more adept at think mg conceptually. Since 
concepts arc at the heart of science, this is the age at which most stu- 
dents first gaih the ability to study science in a really organized way. 
Here, too, the commitment for or against science as an interest or a 
vocation is often made. 

Paradoxically, the students at this critical age have been the ones 
least affected by the recent effort to produce new science instructional 
materials. Despite a number of commendable efforts to improve the 
situation, the middle years sttand today as a comparatively weak link in 
science education between the rapidly changing elementary curriculum 
and the recently revitalized high school science courses. This volume 
and its .accompanying riiaterials represent one attempt to provide a 
sound approach to instruction for this relatively uncharted level. 

^t the outset the organizers of the ISCS Project decided that it 
would be shortsighted 'and unWise to try to fill the gap in middle 
school science education by simply writing another textbook. We chose 
instead to challenge some of the most firmly established concepts 
about how to teach and just what science material can and should be 
taught to adolescents. The ISCS staff have tended to mistrust what 
authentic believe about schools, teachers, children, and teaching until ' 
we have had (he chance to tpst these assumptions in actual classrooms 
with real children. As conflicts Have ariseh, our policy has been to rely 
more upon what we saw happening in the schools than upon what 
authorities said could or would happen. It is largely because of this 
policy that the ISCS materials I'eprescnt a substantial departure from' 
tho norm'. 

The primary difference between the ISCS program and more con- 
ventional aporoaches is the fact that it allows each student to trivel 



,tt fus own p.ur. ami jt priiiuls ihc -aoiu' .kuI M-vjiu-Jio* instiiutu>n 
t<»\ai\ unh his iiucFi-sis. <it>!liiu s aiul. Imi k:'MMiiul Mu INi N vmiIcis 
ha\f s\stcinat!i all\ tiicJ lo rixc suulcnt nuMf v»! a u»U- iii dccuhng 
uhal he shvuiKi siiuU iu*\l ami hv>\\ sv>t>n h<;* shoulvi stuii\ il W lu'ii Chc 
matenals aic used as intende d, ihe IS( S U ai hci sci\cs inoic aN a 
**lask casc-r* than a "task inasioi * \{ is liis n>[> u> help student 
ansuri the questions thai aiise fioni hts own studv lather than to try 
lo anlieijxue and jvekage what the student needs'^to kuuW 

I here nothing ladieaiK new tn ilie l^i S appioaeh to nisliuetion. 
Outstanding teaeheis tn>in Sv>eiates to Maik fh>pknis have stressed the 
tieed to peiso^uih/e edueaiion ISl.'S lias tiied to do something more 
tfian pav hp service to this goal. ISCS* uian>i et>jW!ibutu)n has been to 
desmn a sNsteni wherebs an a\eiage tcachei. opeiating under normal 
et>nstiaints. in an oidinarv classroom with oidinarv childieh, can in- 
deed give maximum attention to each student's progress. 

1 he dtveK>pment <,>kiJie ISCS material has !vcn a gri>up eflbrt from 
the outset. It began in when outstanding educatiMs met to decide 

vi'hat mfghl He done lo impiove niKldle-giade science teaching. The 
lt»comniend;UK>ns of these a>nterences were c(Mivcrted into a tentative 
^j,an for a set of instructional materials bv a <.mall group of Florida 
Stale Universitv facultv membeis Small-sc^jile writing session's con- 
ducted on the I'lorida Suite campus during 1^64 and'**^65 resulted in 
pilot curriculum materials that were tested in selected Morida schools 
dunng ihe l%5-66 school y<;ar. A11 this prelnninary work was sup- 
ported bv funds gerierouslv provided bv 1 he Monda State Universi^ty. 

jnJune of'1%6, tinaneial support w^js prtjvided by the United States 
Ortice of Education, and the preliminary effort was formalized into 
the ISC^S Project. I ater. the Rational Science I oundation made sev- 
eral additional grants in support of the JSCS effort. 

The first draft of thesii materials w'as projJuced in 1%8, during a 
summdV wriimg conference. i;he conferees were .scientists, scietic^ 
educators, and junior high :>chool teachers drawn from all over the 
United States. The originaJ materials have been revised three times 
prior to their . publication in this volume. More than 150 writers have 
contributed to the materials, and more .than* 180.000 children, in 46 
states, have been involved in their^'field jesting. 
' W^. sincerely hope thafthe teachers and students Avho Will use this 
material will ' find that the great amount of time, money, and effort . 
that has gone into its development has been worthwhile. 

Tallahasste, Florida. The Directors 

February 1972 imthimEdiate sc ienc e c urriculum stOdy 
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Notes to the Student 



The word science means a lot of ihiims. All of the ineanines are "riuht/' 
but none are complete. Science is many things and is hard to de- 
scribe in a few words. 

We wrote this book to help you understand what science is and what 
scientists do. We have cliosen to show you these things instead oi 
describing them with words. I'he book describes a scries of things ioi 
you to do and think about. Wo hope that wh;tt you dOyWill help you 
learn a goini delH about nature and that you will get a feel for how 
scicnlisls tackle problems. 

How Is this l?ook different from other te^itbooks? 

This book is probably not like your i)thcr textbiH)ks. lb make any 
sense out of it, you must work with objects and substances. You should 
do the things described, think about them, and then answer any ques- 
tions asked. Be sure you answer each question as vou come to it. 

The questions in the book are very imporiani. I'hey are asked for 
three reasons; 

1. To help you to think through what you see and do. 

2. To let you know whether or not you understand what you'vt done. 

3. To give you a record of what you have done so that you can 
use it for review. 



How will your class be organized? 

. .Your science class will probably be quite different from your other 
classes. This book will let you start work with less help than usual 
from your teacher. You should begin each day's work where yow left 
off the day before. Any equipment and supplies needed will be wail- 
ing for y.ou.- 
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Wnn tiMclu'i will lu.l u-,ul lo oi u II sou llu- lluii' s lli-ii N"ii .iic 

Irv li) woik aluMd on \uui ouii 11 \>>ii li4>ui>u\ him ii\ u. 

soKo llu- (>a>hUMn l»>r vouisfll Di'ii'l .isk voui icu lu-i foi lu lp uniil 
YOU really ihh-iI il Do iiol cxihM Imn lo ;'.i\r \oii llu' .iiiswijn to tlu- 
Hucslions m ihc book. Wnn tcaihci uill li\ lo 1k1|> \oii liiui wluu- 
aiui how vou wciu vMoii'', lujl Ik- will uol do \ou: w.'ik Ici \>'i! 

After a fVw days, some ol' your classinales will be ahead ol \»>u and 
otheis wdl not be as tar aU>n>'. I his is the wav the e»>uise is suppiiseil 
to work. Remember, thi>ui;h, that there wdl be no pii/es f»>i timshin;', 
Jirst. Work at whatever speed is best li>r you. liui he wrc yon iiiuki 
stand what you have done before niorini^ on. 

i:.\eursioiis are mentioijed at several plaees, 1 hese speeial aeti\ ities 
are U>uiui at the back ol tiie boi>k. Vou njay sio}) and do anv.exeuisu.n 
that looks interesting or any that -you teel wdl help you. (Some e.\- 
. cursions wdl help you do some -of the activities in this book.) Some- 
times, yout; teacher may ask you to do an excursion. 

What am I expected to learn? 

During the year, ymi will work very much as a scientist di>es. Vou 
should learn a lot of worthwhile information. More important, we 
hope that you will learn how to ask and answer questii>ns abi>ut 
nature. Keep in mind that learning ho\v to find answers to ijucstions is 
Just as vahuible as learning the answers themselves. 

Keep the big picture in mind, too. l-ach chapter builds on ideas 
already dealt with. The.se idea.s add up to some of the simple but 
powerful concepts that are so important in science. If you are given a 
Student .Record Book, do all your writing in it. Do not write.^ in this 
hook. Use your Record Book, for' making graphs, tables, and diagram.s, 

too. * 

From time to time you may notice that your classmates have not 
always given the same answers that you did. This is no cause for 
worry. There are many right answers to some of the questions. And 
in some cases you may not be able to answer the questions. As a 
matter of fact, no one knows the answers to .some of them. This may 
seem disappointing to you at first, but you will soon realize that there 
is much that science does not know. In this cour.se, you will learn 
some of the things we don't know as well as what is known. Good luck! 
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A First Look at Earth 




Just a few years ago the photograph you see on the facing 
page could not have been taken. Isn't it rather awesome to 
think you were walking around on thaf planet the day the 
photograph was taken? In this unit, you will be asked to solve 
many problems concerning the planet you are looking at, 
to make observations of features that you may see, and to 
determine how those features were formed and what might 
happen to them in the future. 

Although you have lived on the earth all your life, there 
is a good chance that you have Wondered about one or more 
, of the following. 

1. How old is the earth? 
■ 2. Has the earth always looked ,the way it . does on the 
facing page? • 

3. Hals the land that your school rests on always b^en 

there? 

4. Is the earth changing in any way? V 

5. Do the continents actually drift? 

6. What causes an earthquake, a volcano, or a landslide? 
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Figure 1-1 Figure 1-1 shows a portion of the planet as seen fjrom 
about 150 miles above th^ surl'ace. 



□1-2, List the important features you see in the photograph. 

□1-3. In the photograph, do you see any evidence of motion 
or change? 
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Figure 1-2 



If you said No in response to question U3, your answer is DOWN TO EARTH 
eorrcel, based on the evidence in the picture. 

(ni-4. What would you say if asked 4he same question about 4 
Figure 1-2? If you decided thai change is shown in the pho- 
tograph, list the evidence you used to make that choice. 

rvom the evidence in Figure 1-2, there's no doubt that 
at least that part of the earth is active and changing. One 
of the exciting areas of study a geologist encounters is the 
study of the ways the earth has changed through time and ' 
what might have caused thte change.. 

For a moment-let's consider the subject of change on a grand - DRIFTING 
scalfe. In 1915 Alfred Wegener, a German scientist, proposed * CONTINENTS 
that all the continents were once joined together and formed 
one super landrpass. He also proposed that this landmass # 
later broke apart, into separate continent.s. One of Ihe first \ 
lines of evidence to suggest such an idea is the shape of the 
continents. Try your hand at fitting the continents together 
as you would a puzzle. For the activity, you will need the 

following materials 

"0 

I pair of scissors. 
1 map of the world 

ACTIVITY Cut out the continents of North America, South 
America, Eurasia, Africa, Australia, and Antarctica. 



AOIIVHY \ 2 Piet;t' the <:o«>finrn!s to(,etl)«'r iit smh .1 way 



Il U.-lc Sllt.CSshll '.-,.!! I'IoImI-K U. I. iM.- f,. (lu- 

I'u-.vsol tin- |ni//K- lo-cilu-i to loim .t snpcu oiidiu-ni Now 
Mipp'.sr souH-om- well to ask' \ou ,1 tlu- conliiu-iits wru- 
umIIv lOi'ctlKi oiKf Wli.it uoiiKi vou s.iv'' What kind t)!' 
inloiniation woiiiti you lut d to siippuit tlu- idta? • 

Now voii have- a piol^lcin.on voui hands, doift you? 
Wlu-m-wi wc have- a prohlc-m t?f soI\r. uc need mluiniaUou 
(tall It data il" you wish) to lu lp us solve the prohlcm. In 
this unit, the soinee of 'thyl uiloinialum will .he m the set 
ol aecompanyin^ icsouiees. In soilie eases, you will not only 
have a problem pt)sed. but you will also have to seareh tor 
the resource or resources to help you solve the problem. |-or 
the first problem, we'll ^ive you .some direction in terms of 
which .specilic resource you might study. 

I he problem you have here i.s this: n iuii 1<tnii of cvulvncc 
will siippori {or nycci) the idea thai ihc nmiincus wen- once 
joined toi^eiher? Read through Resourco* I and 2 very quickly 
and decide which one you would like to do. 

I. 1 1-5. Which resource did you do * 

I 11-6. Did the resources support, or reject, the idea that the 
continents might have been joined together? Explain your 
response. 

.Let's continue oiiT examination of the earth. You probably 
have never .experienced the shock waves produced by 'an 
earthq'uake.^liut you probably have read m the newspaper 
or .seen on television tht' destruction of jiroj>erty and loss of 
lives due to the.sc tremors of the earth. You might think 
earthquakes are rare events on the Varth, gspecially if you 
have never experienced one. But tiii.s is not truo:- Hundreds 
of n-emors ()ccur dail^ all around the earth, many too small 
to be reported. Now and then, however, one occurs that is 
powerful enough to destroy cities and towns jind kill thou- 
sands of people. ♦ 
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J cf\ I. nnsiiK*^!- \\\\M Ims Wk'w ^.\u\ If tlu'ir .nr UMin 



have cxiHMKMurii thoin'.^ WIumc do tlu-v occui? How deep 
m the e;n*th ilo llu v onj»inale.* How j^owcilul aie Uie\ * 

Let's eonsuler the tiist two questions \\ lieie on Uie eaith 
:in(l tunv iirrp below the snif;ur <io e.iilhqnakes lU i in'.' 'li> 
tind out, yow will need lhe^)lk>vvni^ niaienals. 

3 diil'crent-coloied pencils 

1 map, in Record Boi>k 

1 epicenter data table, m Recoid lk>ok 

Below is a samj>ie epicenter data i*ible, which pves you 
inforniatiiMi regarding the d^tCf tune, location, depth, and 
magnitude of earthquakes. 

Table 1-1 




PRELIMINARY DETERMINATION OF EPICENTERS 



It? Gcographic^,% 
Coordinates '. 




Region and Comments ^ 



Turkey f " ' 

. Northern Colombia i^^^ ;> ' f'I;' - 
.New Britain Region^A/.v^-^^ '^S^- - ^ 

^Peit (lII)> 'Rabala:'V'^:^.^V^^:^ 

^Andreanof Islands;i<i\leutian-;J$<. ,^ ' ;^ 
Mag. .6 (Pas): ' ■ • ' '^^^^K^'n^- ' 

. South W Fiji IsIan<|sfT' ""^^ . • ; 
Andreiinof Islands, iAlcutian Is; • 

■/Eftst:Ne<l^' Guinca.':Rpri<>.n .■ . •'•{ 
%orthcm,ItaIy ■ 



Felt (yi) in C6te d'A2ur;\ 
Sou^ Sandwich I^atnds^Rcgion;^^^^^^^ 
;:^Noi1hen)i Shikiang Pi^v.^^ ' 




Icw^.Ouineal 



Depth 
(Km) 



;,35 

'l40;i 
'< llO jl: 

V 40 v 

•■ .» jy > 
46 V 



4.5 

^■4.3.-. .■ 



Magnitude 
: (COS) 




Notice that if you read across a single line in Table 1-1, 
yoU will obtain information about a single earthquake. 
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Tablo 1-2 



Figure 1-3 



!1>7. lo inakr siur \kh\ uii ir.ui llu' lahU\ lU k-nnuu* the 

a. l>aU* carllu]tKiko iH\uiici1 

c. Depth (km) 
I atitudc 

Hi)w dkl you k\o'^ If Viui were sikvcssIuL ci>ntinuc i>n. If 
iu>l^ gi) back and sliuly the table. 

tlsing the data from the table, you are to plot the U>oation 
and indicate the depth i)t' each cattliquakc, lo indicate the 
depth, utiH/c the folU>wing chart in plottnig your earth- 
quakes. * 



• 1 1* ' 


Earthquake 


Depth (km) 


Symbol or Color 


. 


Shallpw ;v;!- 


0-69 


" blue ~ 




/- Moderate \. 


70-299 


■ red 




Deep 


More than 299 


□ yellow 



'■t ^ 



To locate the position of the earthquake on the map re- 
quires the use of two coordinates. You're familiar with locat- 
ing a point on a graph, using X- and Y-coordinates; on a 
map, latitude and longitude are used. * 

For example, in Figure 1-3, point X has the coprdinates 
of latitude 30°-N, and longitude 90° W. Lw)k at point Y, with 
a latitude of. 15° S and longitude of 90° W. 

r 
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;i-8. W li.il aic the (.oouliii.iics I'l j'luiii ' 



ACTIVITY 1-3. The first earthquake on the sample epicenter 
data table has the coordinates 37 2° N and 30.2" E and Is 
located as shown on <he map. Find this location on your map 
and use an appropriate symbol or color to mark It. Now, using 
the epicenter data table on page 3-in your Record Book, plot 
all the earthquakes In this manner. 




□ 1-9. On the basis of the earthquakes you have just plotted, 
list the regional locations of the earthquakes. 

□ 1-10. Would you say that earthquakes are randomly dis- 
tributed over your map, or are they concentrated in zones? 

Look over your completed map again but, this time, focus 
■on the depth of the earthquakes, 

□1-11. Can you find any zones on your map where there 
are concentrations of shallow, moderate, or deep earlh- 
(juakes? If so, where? 

• "f. ■ ^ 



mm 



Vou wow kiu>v\ llhit cai lluluakl'^ ili> luuii in /oiu-s aiul 
that some jiI^K'<*^ llu- cailh luivc muir shallow raiHu|uakcs 



I 11-12. How can vou explain (lus j^atlern of caithquakc . 
UHatu>n? Why arc ihoic /ones ol shalKw cailhquakcs and 
/ones ol" deep earthquakes? 

1 11-13, Reter to Resources 3 and 4. Does either resource 
provide you with ai\ adequate exphmation of the two obseir 
vations concerning earthquakes? \ 

I 11-14. C an you describe another model that might explain 
these observatii>ns? 



At this point in Chapter 1, you have taken a lirst, large- 
scale look at the planet on which you live, and you also have 
a general model from which 'to view the earth. Like any 
model that you have developed in this course,^it is temporary 
and subject to change as new data and evideyfce are gathered. 
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More about resources 

r 

In this unit,^ou will be asked to solve problems by an- 
swering questions posed iibout geologic features and events. 
To make it clear to you when you should consult the re- 
sources, we*ll use either this symbol. 



QV this. 




When this occurs, you should ti>rn to the resource section 
at the end of the chapter. Everything you need to answer 
all the problems will be somewhere amjong the resources. 

Important flote 7'hc rcsoura's follmv each chapter ami (hose 
following Chapters 2, J. ami 4 are Junher arrani^ed into clus- 
ters. 

For example, if you are working in Chapter 2, for each 

resource problem in that chapter, you will be directed to a 

cluster of resources indicated as Cluster A, Cluster B, and 

♦ 

so forth- 
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RcnwMubry. ic'vjutr'.c MtM^ht-s »^njM^<^-^ ^^^'1 th:H**^ uh;n \?>u 

back on to fill gaps in your knowledge. Unlike excursions, 
however, they ^^re not arranged in tho order you will need 
them, even though they are gfouped by chapter. It is up t5 
you U-) find and use the ones you think will be helpful 



Take a look at the general geology chart {the composite dia- 
gram, shown in I-'igure 1-4 below). If you look closely, Vi>u 
should find that part of the diagram contains features some- 
what like those near you. Students all over the United Stales 
will find this to be true because the drawing includes most 
of the important landforms found in this country. 



HOW THE UNIT IS 
ORGANIZED 



Figure 1-4 




1 aih ol itu' \h\cc v hapli'is iIku IoIIow 1*»oim-s upon Um- 

ViUii ifsouiics as a luMp ni i'\ j^l.uniiir tunv tho vaiious (ca- 
Uiics }*ot (ho wav lho\ aic 

ChaplcM J ccntois upvui soinc of tlu* most spcctaoulai sec 
nciN in llu' rniu J Siair^ llu* n»o\in!aniN (srilion C) In il 
YOU Will try to lijuuc owl how landscapes like ihc one shown 
in l ij^urc \.\o{ the wa\ thev aie and even try to- guess 
what the area may look like in ihe fuluic. 




of the diagram. Among the fcalurcs you will interpret are 
the ones shown in Figure 1-6, 

Figure 1-6 



<. Ii.ip.lci 4 deals wilti iIh' ilKil lH»idci:^ liiL >ca i!u 

shordands. Tim is section A in the diagiani. 1-.xainplv^ ol' 
the kind of features you will study in Chapter 4 are shown, 
ill iMjjtlre 1-7, ' 





Begin your study of, *'crusty problems" with Chapter 2, 
"The Mountaias.'* When .jou have finished all the chapters 
rffcd the appropriate resources, you should be better able to 
interpret the country you live in. Grood luck! 

Before going O0, do SeIf**Eva(uatlon 1 Itt your Record Book. 



1 Anctent Ice Sheets 
^and Continental Drift 



During the late nineteenth century,^ geologists discovered 
evidence that an ice age existed about 200 million years ago 
in three continents of the Southern Hemisphere— South 
America, Australia, and Africa. What was the evidence, and 
more important, what does^an ancient ice sheet have to do 
with continental drift?- 

First let's look at the evidence. Figui-e 1 shows a rock 
outcrop that is rather smooth in appearance and has a series 



Figure 1-7 




of parallel gri>ovcs. II sou kiunv an\Uui)y. ahoul the hai Jncss 
o\' ii»ck\ vt>iril pu)bahly agree ihal whalcvci M iaichod the 
lockb lu i iguie 1 iiuiM Ikuo Ih-cii .t m i \ |h.\m ilul We 
know now that such grooves can be made b\ a huge mass 
of ice, several thtJusanU feet thick, moving very slowly over 
solid rock. 




Flgur« 1 
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A glacier carries, at its base, rock fragments of various sizes 
that act as ^n abrasive, like sandpaper. Thus, as the glacier 
moves along, it is capable of scratching- and cutting deep 
grooves in the rock. 

Another piece of evidencV is the location of deposits simi- 
lar to that shown in Fjpure 2. Notice that the material con- 
tains r(5cks of various sizes, from large boulders to small 
fragments. Also, note that there, is an abundant supply of 
finer material, such' as sand, mixed in with the mass-^of rock. 
This is a typical feature of glacial deposits. Such a deppsit 
is called glacial drift. River or stream deposits are more 
uniform in^ size because of the sorting effects of moving 
water. 

Glacial grooves and drift of about the same iage have been 
found on South America, South Africa, Australia, Antaritica, 
and Indial Figurp 3 show& the distribution of ancient glacial 




:% = Glacial drift 
= Qtaclal grooves 



drift and the (firection in which glaciers mov6d. (The direc- 
tion" of glacial grooves tells geologists the direction in which 
the gldciers moyed.) Look at South America closely^ In order „ 
to explain the glacial grooves there, it would be necessary ^ ' 

for the glacier to have moved from areas now covered by 
an oceaa. Also, note that glacial drift is found very near the 
equator. ' | » * 

.' • 'lis 
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One explaiiaiion ol tlusc tiu is is lli.it ilic laiulinasscs wcie 
connci tcil at the time i>f fjaciation ami then tlif continents 
nu)\cd apail .it a lalei Iniie 

ACTIVITY 1. Using the cutouts of the continents from Activity 
1-2, draw the arrows showing the direction of glacial motion 
on each of your cutout continents, a6 shown on Figure 3. Use 
a colored pencil to show the distribution of drift. Fit the conti- 
nents together, using as guides the direction of the arrows 
(assume the glacier moved out In all directions from a central 
area) and the distribution of drift. 

ni. Do you think the distribution of ghtcial drift and the 
location of glacial grooves provide evidence to support, or 
reject, ihf idea of continental drift? Explain your answer. 

♦ 

□2. If not, what other explanation can you make? 

2 Rock Layers, Fossils,^ 
and Continental Drift 

Do you. think the rock layers on the left side of the highway 
in Figure 1 match the rock layers on the right side? Compare 
the areas at the ends of the two lines AA' and BB'. They 
Figure 1 should help^^ou conclude, that they do match. 
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You shouldtttt he. ^urfuiwid, because cii^iucci^i blasted the 

rock away to huiUI the hirJnvav Howcvoi. ihc phi^lovjAph 
illustrates one of the things that geologists do; namely, try 
to match rock layers that are separated ivom each other. 
Let's look further at the idea of matching rock layers. 

G1» Can you match one rock layer with any other rock layer 
shown in Figure 2? 




The problem of matching is a little more difficult in this 
photograph, but if you use a rule you should be able to firt^ 
several layers that match (based on the dolor of each layer). 
Notice the thin dark layer near the top 'oh the ridge At the 
left. Perhaps you used this layer to help yot^atch with other 
layers. To understand this examine the diagram in Figure 
3. Notice how the layers are matched on the basis of the 
color of the rock. 



Figure 2 



Figure 3 
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i'lgurc 4 shows dia^idins ol Iwo scH|UtMucs ot' u>ck IcI\cms 
All the rocks are layered, A key is priivided lo help you 
identify the rocks. 



□2- Do the layers in rock sequence 
rock sequence 2? 



match the layers in 





♦ 0» o <>o 



Key 




Rock Sequence 1 Rock Sequence 2 



Figure 4 



Tllllte {rock 
formed from 
glacial till 

Mixture of sand- 
stone. shaie» 
coai with 
plant foasil 

Shale with 
animal foaail 



Shale 



You probably foun4 that the bottom three layers in each 
sequence matched. The first layer, or lowest layer, is tillite, 
. Alrove tha^ is a layer that is a mixture of sandstone, shale, 
and coal A;^ith a plant fossil. The third layer is shale with 
animal fossils. The fourth layer in sequence 2 is a- mixture 
of sandstone, shale, and coal, which appears to be missing 
in sequeJhce 1. However, the fifth layer in sequence 2 matches 
the top layer in sequence 1 . The two layers are very similar. 
How is this going to help you decide whether the conti- 
nents drifted apart? Let*s examine these sequences again, ^ 
Figure 5 shows *a drawing of the plant fossil found with the 
layer of sandstQne, Shale, knd coal. 

You might llave used the fossil to help you answer ques- 
tion 2. Geologijjts use ^fossils to help them match rock layers. 





In fact, the presence of a certain type of fi>ssil is a better 
clue thai the laycii* match than ii> the t>pc ul luck. NoUcc 
that the layer containing this plant fossil, which is called 
Glossopieris, lies just above the tillite. 

Here's one more fact that might be helpful. Ri>ck sequence 

1 in Figure 4 is found in southern Bra/.il and rock sequence 

2 is found in South Africa! 

□3. How can you explain the occurrence of similar rock 
layers and identical fossil plants on two different continents? 

■ Frobably Ihe strongest kind of evidence to support conti^ 
nental drift is the presence of identical fossil plants, such 
as Glossopteris; on different continents separated by hun- 
dreds of miles of ocean. Identical plants could hardly have 
developed in areas separated by such distances. It is possible 
that the seeds of these plants could have floated across the 
ocean, but most biologists rule this out. You may suggest 
that birds carried the seeds. However, the first flying animals 
did not occur nntil millions of years after this time. Thus, 
the idea of continental drift was supported on the basis 
of similar rock layers and fossils occurring on different 
continents. 

You might be wondering whether similar sequences 
and the fossil plant Glossopteris have been found elsewhere. 
Well^ they have! They were found in Australia, India, and 
Antarctica! 




Theory 



Tilting of rocks, movements of t^ earth*s crust, and earth- 
quakes are examples of the kinds of forces that affect the 
earth. What produces these forces that dimple, wrinkle, 
bulge, crack, and tilt the earth*s surface? (See Figure 1.) 
Geologists disagree upon this, but several useful models Imve 
been developed. ' ^ 

One model is described below^ Read the description care- 
fully and think about how the process being described might 
have a0ected the earth/ Later you will be asked to use the 
model to explain how certain mountains were formed* 
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. Have you ever seen what happens to the skin of an apple 

T when it is baked? As shown in Figure 2, the skin buckles 

and cracks as loss of water causes the fruit inside to shrink. 

If you have never seen a baked apple, bake one at home. 
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One model for mountain-building and earthquakes views 
the earth as being somewhat hke a baked apple that is, as 
haviiig a tough "skin" around a core thai was onee very lu>t 
and IS now shiinkmi; as il i\H»ls Av\v>idnir U» llus iiuulrl. 
the core shrank, causing some parts of the earths crust to 
be uplifted, tbi^ning mountains. Oilier parts of the crust were 
pushed downward into valleys (see l igure 3). Cracks I'ormed 
in the crust and these led to still other changes. 



Mountains 
Valley 

Surface rocks 



Earth's core 




Figure 3 



4 Sea-Floor Spreading 
and Earthquakes 



You have completed -aai exercise in which you plotted the 
location of many earthquakes. Geologists have been collect- 
ing similar data for years and have compiled the data as you 
did when you plotted the earthquakes. Figure 1 on the next 
*page is a woHd map showing the distribution of earthquakes. 
Note that the earthquakes are restricted to zones or belts 
.and are not evenly distributed, on the eartllT 

□1. In the region between South America and Africa, are 
tli^ earthquakes shallow, intermediate,, or deep? . 

□2. How deei^ are the earthquakes that occur along the 
western coast of South Amettca? 

□3. Identify two other areas where intermediate and deep 
^earthquakes occur.- 
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Figure 1 



You should have noted that there is a zone of shallow 
earthquakes splitting th<e Atlantic Ocean. In fact, if you 
glance back to the map you can trace the shallpw earth- 
quakes around the earth. This system of shallow earthquakes 
is known as the mid-ocean ridge system and consists of a 
chain of volcanic mountains. Shallow and deep earthquakes 
occur along the boundaries of opeans and continei)^(such 
as South America and the Pacific^Ocean) or between two 
cominents (Africa and Europe). 
* How can this pattern ,of earthquakes be ex'plained? One 

theory that has been proposed states that the earth's crust 
is separated into plates diat in some places dre spreading 
apart -and in other pla^s are Colliding. The earthquakes 
RE60URCE 4 ' occur when these plates of crust are separating or colliding. 



According to the theory, new crust is being tornied at the 
nud ocean iult»es and is spicatling aw.iy in two (ipp(»%iff 
directions; at other phiCes older crust is sulking hack intt) 
the earth. It's hke a great big conveyed belt. Mgure 2 sht)ws 
a continent rifting and then the two seg^ments drifting away 
in opposite directions. New crust forms and spreads away 
from a central ridge. 



Continent 



Trench 




Trench 



What evidence is there that the ocean floor is spreading 
away from the mid-ocean ridges? To find out, you and your 
partner will need a bar magnet, 2 compasses, 2 sheets of 
notebook. paper, and a ruler. 



Figure 2 



ACTIVlfv 1. Tape together the 2 sheets of notebook paper, 
as shown. Move two desks together so that they are touching, 
insert the two shoets of paper between the desks with the 
taped end hanging down between the desks. Foid the ieft 
sheet ojt paper so that the top haif rests on the left desk; fold 
the right sheet In the same manner over the right desk. As- 
sume that the Joine<| sheets of paper represent a continent 
before i)raak up. 




hanging down 
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ACTIVITY 2 Place a small bar magnet next lo Ihe papers In 

TThe magnet represents the «-.h s magnetic «e^d^ and 
the edge of the two continents. 



ArriviTY 3 Rift or split, the supercontlnent by placing one 

rx:TH^mre%o:drew^ 

01 paper that you ha.e pulled out from beneath the table. (This 
Is the rift area.) 




ACTIVITY 4 Record the magnetic Held on each side of the 
H« by Tllg an arrow In the direction that the compass 
needle Is pointing. 




ACTIVITY $. Turn the magnet around 180", to that the end 
that was away^ from the paper is now pointing tow.ud the 
paper. Spread the continents as you did In Activity 3, but this 
time spread them 1.5 cm. Shade lightly In blue the area that 
was pulled out. Again, measure and record the direction of 
the compass needle, as you did in Activity 4. 




Repeat Activity 5 two more times, spreading the continents 
2 cm the first time and 4 cm the second. Be sure to alternate 
the colors, and also be sure to reverse the magnet each time. 

It has been discovered that the, earth's magnetic field has 
reversed several times during geologic tinfc. Each time you 
turned the magnet around, you were reversing the earth's 
magnetic field. No doubt you have worked with a magnet 
and you know that metal, such as iron, will be attracted to 
a magnet. According to the sea-floor spreading theory, if 
molten rock spreads away from the central rift and if the 
rock contains metallic material that would act like little coi^i- 
pass needles, then the record of the magnetic field should 
be recorded in the rock. The little metallic "compasses" 
would line up with^fthe earth's magnetic field just as the 
compasses you are using line up with the magnet. 

Figure 3 on page 24 shows a diagram of the magnetic field 
recorded in the North Atlantic. 

The ridge axis is in the center and the shaded areas repre- 
sent rock on the sea floor that records the earth's magnetic 
field as normal (same as it is now), and the Avhite indicates 
rocks with a reversed magnetic field. 
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Figure 3 " - *» 

□4. Does the diagram in Figure 3 resemble the model you 
made with the two sheets of paper? 

D5. Measure the distance along line AA'. fro^v the ridge axii 
to the last shaded area on each side of the axis. Are the two 
.distances about the same? . 4 

□ 6. What does this tell you abotft the amount of spreading 
on each side of the ridge? * ' 

Examine the drawing on the two sheets of paper that you 
worked with in Activities 1 through 5. According to the sea- 
floor spreading theory, the Atlantic Ocean now occupies the 
areA between the two continents that you split apart. Assume 
South America is the continent on the left and Africa the 
one on the right. 

•J • 

□7. If you were to collect samples of rock at the ridge and - 
at several other areas between the ridge and South America, 
what would you predict about the age of the rocks? • . 

Since the activity at the ridge-is near the surface of the 
crust, the earthquakes are shallow. As new crust forms, it 



spreads away Iroin the ciusl, willi spicadinj.\ i>n cithci sulc 
about the f^ainc, I-urthcr, it has hccMi discovered that the 
farther from the mid-ocean ridge tlie seduneiUs are, the i^kWi 
they are. lluis, scientists now believe the <5cean flooi m the 
Atlantic is spreadiiig^slowly away from the mid-ocean iidge. 
The pattern of earthquakes al«^ng the mid-ocean ridge out- 
lines a huge cracky in the earth^s crus(. 
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The Mountains 



Chapter 2 



Suppose you were asked to guess where the photograph in 
Figure 2-1 was taken. We're not so interested in^ the place, 
but rather in the general geologic setting of the picture. As 
a clue, we'll lell you that the features you see are called ripple 
marks. 




Did you guess ^ seacoast, a stream, or a lakeshore? All 
of these are obviously sources of water. You may be surprised 
to discover that the ripple marks you see are in the Rocky 
Mountains in Colorado! 

Not only are they in the Rocky Mountains, but they also 
are liot lying flat Look at the complete scene in Figure 2-2, 
The ripplQ mark surface is tilted! 



Figure 2A 
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Figure 2-2 




We have two observations here, don't We? First, we ob- 
serve a feature that was probably formed underwater, per- 
haps in the sea but here it is high in the Rocky Mountains. 
.Second, the surface upon which the ripples are seen is tilted. 
What does this tell us about these rocks and this area? To 
find out, let's trace the history of this area very briefly, using 
the observations we have. For this ^^activity you will need 
a geology cutout block, a pair of scissors, a clinometer, and 
2 colored pencils. 



■ 1 


1 








1 


1 




1 


1 


: 
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ACTIVITY 2-1 Cut ouHHefigure along the dotted lines; then 
within the area marked by the solid lines, sketch in a series 
of parallel lines to represent ripple marks. 
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ACTIVITY 2 2. Mold a square of clay the same sl/e as the 
area within the solid lines and then fold the paper mold along 
the solid lines and place the model on top of the clay-you 
now have a geology-block model* 





Examine Figure 2-3, shown below. This is a cross-section 

diagram of the area shown in iMgure 2-2. 

Red 
rocks 



Ripple-mark 
zone 



Figure 2-3 

Now return to your geology-block model, remembering 
that you are looking at one section of the area shown in 
Figure 2-3. 



nu>del 



Block flat 



^QTIVITY 2-3, Assume that when the ripple marks were being 
formedt the water was washing over level land. Place your 
block flat on the table with the ripples up. Look at the ripple 
mark zone of Figure 2*3 and then orient your block the same 
as in the figure. You may have to support your geology block 
With a book. 




Clay 
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Count number 
of degrees. 



1 12-1 Wntc m your Record Book a vci> biicl a.cuunU 
based on what you have just done, of what vou think might 
liave happened in the past in the area ot the ripple mark 
/one. 

You've probably c(MKludcd that the rocks n^ this area were 
once lying flat but now are tilted, ifnie force must have 
nushcHl the rocks up from right to left on I'igure 2-3. li you 
return to your geology block you can estimate how much 
il was tilted up. (If you took down the geology block, lilt 
,t again as the rocks are tilted in I-igure 2-3 ui the npple 
mark zone.) > • 

^ ACTIVITY 2-4. The till of the rocks (geologists call II dip) can 
be measured with an Instrument called a clinometer. To make 
one. tape a protractor to a 5" x 7" Index card, as shown, and 
then, from the reference point of the protractor, hang a string 
with a weight on the end. 

. string 



Index 
card 




Weight 



ACTIVITY 2-5. Place the clinometer on your geology block 
and read the angle directly off the clinometer. , . 
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□2-2. How many degrees did you estimate tKe rocks have 
^been tilted? 

This angle is known as the dip angle and, as you have 
found out, is a measure of how much the rocks have been 
tilted. To move many thousands of tons of rock takes quite 
a bit of energy. In this chapter you'll cxamme rocks m a 
variety of mountains and attempt to determine how nioun- 
tains were fomicd, what they are made frbm. and what is 
likely to happen <b them in the future. 



■■i.l-..r~.Vv.; 



f materials from the jnounlains. Select the lollowin^ rocks 
t'lom the ri)ek kit in the supply area: numbers Ol\ 08, 
12, 13, and 17. 

lb bepin Vi>ur study, you will need a hand lens and a 
leasing needle (a sharp nail will do). Your goal is lo be able 
to describe your samples and make a decision abi)ut the 
texture of each rock, Yi)u're going to discover that yi)u can 
tell a lot about a rock from its texture, Mnter all yi>ur deci- 
sions in Tabk-^2-1 of your Record Book, 

ACTIVITY 2-6. Pick up a rock sample and took at it, using 
a hand lens. Hold the rock a few centHfieters from your eye, 
with the hand lens up to your eye. Rotate the sample in your 
hand (in good light), examining the surfaces of the rock. 

^,,,/VCTIVITY 2-7. First decide whether the rock is made of only 
^^^^^ri(tTigie kind of material or component, or more than one. 




ACTIVITY 2-8. Hocus on the way the components In the rock 
lire held together. Decide whether the components are non- 
interlocking, or if the components are interlocking. Enter your 
choice In the table. 



ACTIVITY 2-9. For those rocks you decided were Interlocking, 
decide II the components are oriented In a given direction 
or randomly distributed In the rock. 




t ;V.I-.V- 



Table 2-1 
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Repeat Activities 2-6 through 2-9 for each rock sample, 
entering each of your decisiertS in the table. When you have 
studied each rock sample, use the data to sort your rocks 
into two groups, one with interlocking texture and the othet 
with noninterlocking texture. Take careful note of which 
rocks are in each group. Later, afte/ you find out more/about 
how the rocks are formed, you Will return to explajjfn why 
they have ditferent textures. You have now described a few 
samples of mountain rockj^nd have noted differences m the 
way they look. 



Here are some of the questions that youMl he tacklinj', next. 



p2-3. a. How "do you distinguish among igiieous. sedmien- 
tary, and metamorphic rocks? 

b. How kio these rocks form? T 

c. What kind of materials are these rocks ma^e ol7 

After having studied the resources in ('luster A, return to 
the six rocks you studied and answer ihe following questions^ M I ^ lWi!\ 

Da-4. How do you think rocks with inifcrK>cking texture 

differ from rocks with noninterlocking texture in terms of ^ 

the way they are formed? Identify at least one mineral in 

each of the six rocks and indicate, in Table 2-2" in your 

Record Book, whether the rock is igneous, metamor{>hic, or ' ^ 

sedimentary. 






MWral'; 
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Table 2-2 



Before taking a tour of the mountains in the United States, 
let's get a general picture of the distribution of rocks in the 
country and how they are associated with the mountains. 
Examine the map in Figure 2-4 showing the distribution of 
flat-lying sedimentary, steeply-tilted sedimentary, and igne- 
ous and metamorphic rocks. Compare the rock distribution 
map with the map showing the location of the mountains 
in the United States (Figure 2-5). Using these two maps, 
answer the following questions. 



WHERE ARE THE * 
MOUNTAINS 
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is 



% 

1,2/ \MMt kuKl olu.ck.^^ouKl^..u luul .iNuux-sUol iho 
ApiUlachian MouiUailis'.' 
^ I ,2-6. Arc there anv .nouma.ns in v<un siau-.' If not j>o on 
to qucstum 2-7. What the name of these nuu.ntan.s? U hat 
kind ol rocks arc itJinui, m theni ? 

j\r 2-(> was Nt>, whore are the closest 



[ 12-7. If your response 
mountains? 

□2-8. What -kinds of rocks'would you lind there? 



Figure 2-4 




Flat-lying rocks 
I. 

Steeply-tilted rocks 

[neous alid meta 
rphlc nocks 
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Figure 2*5 



CasQsde 
Rang^ ^ 



Coast 
Ranges 




Mountains Of the United States 



Appalachians 



Death VaUoy, California 

Your first stop on an imaginary tout of the mountainous 
regions of the United States takes" yon to the lowest point 
in the eountry Death Valley. An .Irea nveters (280 leet) 
bcrt>w sea level may seem like a strange plaee \o begin a 
tour of the mountains^ But it you take a look at l igure 2-(>. 
you will see that some fairly hi^h mountains surround the 
valley. 



I 




Notice how steep and rugged the west wall of Death Valley 
looks. Piles of sediment, apparent in Figure 2-6, fan out at 
the base of the wait, and you can see patches of light gravel 
on the steep fan-shaped formation in the center of the pic- 
ture. If Nve examine the fan more closely, we can observe 
some f^atuVes th^t may indicate that active processes arc 
occurring in the iea/ Figure 2-7 is a view of an alluvial fan- 
(sand wjashed doW from the mountain) on the west side of 
Death Valley. Look cjosely at. point A. there spears to be 
a line running left ani right from thi$ point. 

□2-9. What appears to have happened above the line on 
the fan? 




o 

THE MTSL 
FROM 
DEATH 
VALLEY 




Figure 2-6 
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igure 2-7 jpok/back at Figure 2-6, the west wall of the valley. 

Locate. w:one of iayered rocks, 

p2-1«rBased on wha| you know about the formation of 
layer* rocks, wiiat does the positi^ of these rocks tell you 
abou j|hc probable movement on the west w|ill of the valley? 

Figure 2-8 shows*a general View of the Dqath Valley area. 
Once again, notice how steep and rugged the west wall of 
the valley is. Then check the steepness of the bac|^ side of 
the same mountain. Notice how many other mountains in 
the Death Valley area have the same wedge shape (see point 
RitX*iMWil=<J*[«^ A in Figure 2-8). Use Cluster C for help, 

□2-11. By what process did these wedge-shaped mountains 

form? , , 

< 

□2-12. Explain your answer to question 2-11, using one 
model for uplift of the earth's crust. 




Sierra Nevada 



Pacific Ocean 



Doath Valloy 

/ 



^ — Sediments 




West wall ~S^Vj^^^ wall 


Ui 




T 


Weight of aedlmente 




Fault 






Figure 2-8 



Mono craters In California 

About 320 kilometers (200 miles) north of Death Valley 
is a set of mountains that looks quite different from the ones 
you've looked at so far. The Mono craters are a group of 
about 20 domes, several ««r which appear iq Figure 2-9. A 
single Mono crater is shown at A in Figure 2-9, while a trio 
are shown near B, 



Figure 2-9 
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II \ou wi-ii- lt> lo.'K ,11 Itu- lii.> ot V i.ili is moir Ji'si'K, llu'V 
would appear to he like the diawmj' iii I'lgurc 2-U). 1 licrc 
you will iu>ticc''that the dome eontain.s a shallow hole at the 
top. , . 





Figure 2-10 



Flgufb 2-11 



In the supply area are some specimens (number 10) of 
lock like the ones in the Mono crater area. l-Ixaminc one 
or more of these carefully, and refer to Cluster B. 

□2-13. Based on your knowledge of rocks, what clue does 
the texture of the rock give you as to the origin of the rock? 

□2-14. Based on the shape of the features in Figure 2-10 
and the kind of rock -samples you have seen, how do you 
think the Mono craters were formed? ' 




/ 



Hxaminc I'igurc 2-11. a j^lu>toj>.iapfi ot Mount St. IIoUm^n 
m the state of WashnijUon. Notice (hat this almost 
VO(K) inoloi( 1(),()()0 fiu>t) hip.h jMant slatuls wcW awa,) lioiw 
any other mountain and is lathei^ cone^shaj>Cil, 

1 12-15, I)o you think Mount St. Helens was tonned in a 
way similar to the Mono cialcrs? Explain youi answei 

Stone Mountain. Georgia 

One of the inost interesting mountains in the country hcs 
just outside of Atlanta, (ieorgia, and is called Stone Moun- 
tain (sec I-igure 2-12). I bis 20(Vmeter(65()-foot)-lugli hunj^ 
of once molten rocl^ is surrounded for miles in all directions 
by rocks that geologists believe were originally formed in 
water but arc now mctaniorphic. 



4t 





. The rocks that make up Stone .Mountain are quite differ- 
ent in "appearance from the rocks you examined from the 
Mono craters. In the supply area you will find samples 
(number 07) of rocks like those from Stone Mountain: Com- . 
pare the^e samples with the Moirt^ crater rocks. 

• . . * 

02-16. What do the differences in these rocks tell you about : 
how and where the Stone Mountain samples were formed? 



Figure 2-12 
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1 12-17. If tlu- UKks tioiu Sloiu- Mounlaiii wcic formed 
within the crust, how can you explain the tact that they are 
. exposed at the surface, and are higher than the surrounding 
tti«MUiiil=<5l-i^ rocks? ClusWfr B will help with the explanalion. 

CHECKUP 

Ih-re is a sketch of the roadcut shown in the photograph 
in Figure 2-13. Hie light-colored rock is sedimentary, and the 
dark-colored rock is igneous. Based on the resources in Cluster 
C, answer the following. 

1. How did rtie dark-colored rock get where it is now? 

2. Which do you think is older: the sedimentary rock or 
the igneous rock? 




Figure 2-13 
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Rldgot and valleys of the Appalachians 

As the map in figure 2-14 shows, the Appalachian Mouii 
tains cxttfud over much ul the ca.stcni UiuiCil Staks. l.ooknij', 
closer at the mountains (sec I"igurc 2-15), three /ones caii 
be identified as follows: /.om A, the Appalachian plateau 
consisting of flat^ ^gently tilted sedimentary rock; /one B. a 
series of ridges and valleys trending toward the northeast; 
and zone C, metamorphic and igneous rocks, forming the 
Great Smoky Mountains. I-arther to the east, the Piedmont 
and coastal plains are encountered. 



Figure 2-14 





Let's focus on zone B, the ridges and valleys of the Ap- 
palachians. If you were a geologist trying to judge how ridges 
and valleys were formed, you would have to travel over a 
wide area. Figure 2-16 has been <Jrawn to save you time. 
This diagram shows some of the ridges and valleys, as well 
as the rocks, in cross section. * 



Figure 2-15 
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Figure 2-16 



SEARCHING FOR 
A MODEL 




[ "12-18. Hxplain and describe a process that will account for 
the series of ridges and valleys shown in I'igure 2-16, 

In Chapter 1, you studied several models that dealt with 
uplift of the earth's surface. In this chapter, you studied 
several types of mountains. Table 2-3 summarizes for you 
information about each mountain that you investigated. 



Table 2-3 





Typc^ of 
Rocks 


Origin of 
^ Rocks 


Shape of 
Mountains 


Blo/:k"Fault 
(Death Valley) 


sedimentary 
and 

metamorphic 


marine 
deposits 


linear; 

wedge-shaped 


^ Mono craters 

• 


igneous 


cooling of 
molten 
material at 
the surface 
of.crust 


round 


: Stone ^ 
' Mountain 


igneous 


cooling of 
molten 
material 
beneath the 
crust 


round 


Valley and 
I Ridge of 
' Appalachians 


sedimentary 


marine 
. deposits 

A _ 


linear; ' 
folds 
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□2-19. Do any of the models you have studied help you 
explain how any one or several of the mountains listed in 
Table 2-3 might have been formed? a 



Removing the mountains 

Mountains di>n l last loievci! I'p to ilus \h>\hU >^>u luivi.- 
been concentrating on how the hmU is uj^hticd to lotni 
mountanis. Let's make a sh^'jit departure and see how ihev 
are cut down and sculptured. Much the variety that causes 
niountauis to be so awc-inspirinj; was caused by the sculptur- 
ing of already uplifted materials. One way that mountams 
arc sculptured is by glacial action, lake a look at i-igure 2-17. 




Notice how many sharp ridges are in this portion of the 
Canadian Rocky Mountains. Notice also the U-shaped val- 
leys, the many bowl-shaped basins, and the almost complete 
absence of flat surfaces. This kind of landscape is fairly 
typical of areas that have been carved by glaciers— mov- 
ing rivers of ice. In fact, the^ remains of what was probably 
once a much larger glacier are shown in the center of the 
photograph. 

□2-20. How does a glacier sculpture mountains? To help 
solve this problem, you might -use Cluster D and consider 
the following questions. 

□2-21. How are glaciers made, and how do they move? 

. . ■ 5o 



Figure 2-17 
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1 12-22 How ate pjacial tcatuics. such as U-shapcd valleys, 
bowl-slwipca ha.sui:., glaual lakis. .uul h.u,,Mnr vallcN .. 
created? 



SUMMARY -Well, if vou've done j»ood work, vou've learned a great deal 
about the way mountains took on their characteristics. 
You've also had a chance u> think about forces that are acting 
upon mountains today. 



i 




Figure 2-18 



WHAT KINO OF 
MOUNTAINS DO 
THESE. LOOK LIKE? 




To find out how well you've done your work, look over 
Figure 2-18. You will recognize this drawing as part of the 
overview sketch you saw before in Fig/re 1-4. On the draw- " 
ine you will find examples of just dboxil all the kmds of 
situations you've^looked at in this chapter. If you've worked 
well you should be able to give reasonable descriptions of 
the way each type of mountain in the picture was formed. 
You should also be able to identify the forces' acting upon 
each'kind of mountain and to predict what changes these 
will produce in the future. 

S*tor» going on. do Self-Evaluation 2 In your Record Book. 



Distinguishing Among 
Igneous, Sedimentary, 
and Metamorphic Rocks 
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I hc pri>(HMlics lhal a ukK has aio a icsull of Iu>\v ihe unk 
was torfiicii. I luis. iii this icsi>uicc vou will make caicful 
oBscrvalions oi liKks m oidci lo dclcnniiic lu>w ihcv wcic 
iDnncd. In doing ihis. \ou will then be able lo tell if a iMven 
rock is sedinieniary, igneons. oi inetanu)i phie. 

CJo lo ihc supply aiea and piek up a kil oi mixed loeks. 
a hand lens, 1 bollle ol HC'l. and A steel nail. Betoie woikm- 
through the aeiiviiies tha^l follow, prediet whieh ri)eks vou 
believe were^-(I) once nu)llen and then hardened as ihey 
eooled, or (2) onee sedimeni but then eemented together. 
Make separate lists, using the number on the rocks, and then 
at the end of the resource you can check io see hi>w goiuh 
your predictions were. 

Listed below lyj^c a few simple tests that will help you Si)rt 
the rocks. Read the tests fust si) that you understand them. 
Then son the rocks into three groups according to these tests 
and the sequence of numbered questions that follow. 

Rock Tests 

lexiure icsi: Determine whether the specimen (1) has visible 
components (minerals) that arc held togctlier in an interlock-, 
ing fashion, (2) has visible components (minerals) that are 
held together by cement (noninterlocking), (3) looks glassy 
and is very smooth, (4) looks frothy and has lots of holes y 
in it, or (5) has a very line-grained appearance and seems 
to lack minerals. 



;LUSTER A 

j HUW *nOUl 

V ... fc^ 




■"Mil * ^ 
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^ l.-k ...llu- „nM.-,.,N.n llu- s,H-onu-u .uul 

,.v lo Kicnt.tv as .nanv .nnuMals as you .an. I he nu>M .uiu- 
nnnc.als you u.ll p.obablv sc. au- Mua.t/, ckspa., 
nuca. calcic, and luMnbloiuic It you can nol uicnt.ly these, 
do Resource 1 1 

Ivssil test: I ook to, toss.ni m the lock. They nuW be ni the 
./ionn of small shells oi nnpnnls ot leaves. 

I'hcnncal t.st: Put a couple ot 'd.ops ot IK"! on the speetn^cn 
and look tor bubbhng. He sure to wash the spccuncn with 
water when you are done. 

* 

i>iek up a spccirfien and write down its number. A.sk your- 
self ^\^c tollowing questions and write down the answers as 
vou RO If'your rock tits the description of any the items 
that are preceded asicnsks, then you can make a decision 
on the speciiuen at that point. You won't need to go any 
Turther^K checking that .s4U'cinien. When that Ivappens. pick 
upiinother specimen^id start with question 1 again. 

1 Is the rock made up of visible minerals thai are inter-, 
locking' If the an.swer is Yes, it cannot be .sedimentary - go 
on to item 2 in this list. If the an.swer is No. go to item 7. 

2 Arc the minerals of the same kind (.same coU)r. about 
the same shape, same hardness)? If the an.swer is Yes it 
canm>t be igneous-go to 3. If the ahswer is No, go to 4. 

*3. A rock with cryiWals of all the same kind is probably 
metamor^iic. 

4Are the .minerals of the dilVerenl types distributed in 
a uniformly mixed pattern like the one shown in the sketch 
(each number represents a ditlercnt kind of mineral)? 
If the answer is Yes, go to 5. If the answer is No, go to 6. 

*5. A rock with diilerent types of minerals in a uniforriily 
mixed pattern is. an igneous rock. 

♦6. A rock with different types of minerals arranged in 
stripes or bands is metamorphic rock. • 



\ 



7 Is thi- !*Hk tVothv (lull ol small holes)"' If ihc aiiswci 
IS Yes. U) 8. li No, gu.lv) V. 

*8. A rock, with lots of small holes, that looks as (hough 

It has been lull of gas at some lime is an igneous rock 

fofi\iccI by ctK)ling a gassy lava. 
"&> 

9. Is the rock glassy (like a piece of colored broken glass)? 
If the answer is Yes, go to 10. If No, go to 11. 

*10, A dark, hard rock that looks like glass is probably 
igneous rock formed by fast a)oling of a lava How Irom 
u volcano. 

II. Is the rock made up of strong, flat sheets that look 
as though they will split ofl' into slatelike pieces? If the 
answer is Yes, go to 12. If No, go to 13. 

*I2. A r^jkk that splits easily into thin, flat sheets is proba- 
bly metambrphic. The splitting has been caused by pres- 
sure. It used to be sedimentary. If fossils are present^ they 
are probably squashed and flattened. 

13. Does the rock contain easily recognized particles, like 
fine silt, sand, or pebbles, cemented together? If the answer 
is Yes, go to 14. If No, go to 15. Table 1 



Test 


Sedimentary 
. 


Igneous 


Metamorphic 


' Texture 


] Nonintcrlocking; stzc of 
minerals raiiges from 
very large gram^^to 
invisible. 


Interlocking; random 
distribution; size of 
minerals ranges from 
glassy to large grains. 


Interlocking; random 
Snd oriented distribution 
in bands or flakes; size 
ranges from invisible 
grains to very large grains. 


* . r 
> Composition 


Minerals may include 
, quartz, feljispar» calcite.. 


Usualiy^ contains quartz, 
i/.fcldspar, mica^, sometimes 
: hornblende* olivine. 


Minerals may be quartz, 
feldspar, mica; some 
contain garnet or calcite. 


I Fossil 


. May have fossils. , 

♦ * 1 1 J 


'^iNo fossils 

. . / ' 


If fossils are present, they, 
are usually squashed or 
twisted. 


Chemical !* 


May'bubble with HCL '^ 


Poes not react with HCL 


May bubble with HCL y 



t 



♦t.}. A nuk in.uic- ot silt. s.Hui. oi pchblos irim-ntiHl lo- 
^•cthcf is scdiincnlary. Il may have fossils. You cau proba- 
bly sec the layenng u\ good specimens. 

15. If you have ct)mc this far. you have a specimen that 
IS (Jillicull to identify. It is not igneous. It may be sedimen- 
tary or metamorphic. An expert is needed lo sort this one 
out. 

Check your answers against lablc 1. 

6 How Igne^s Rocks 
Are Formed ' 



Igneous rock is rock that was once molten and that crystal- 
lized as it coolelt^ome igneous rocks arc made of very small 
crystals, and oth'Ssare made of large crystals, but most are 
made of crystals oTOiirerent sizes, colors, and compositions. 

To be able to understand how igneous rock forms from 
molten rock, you can simulate (imitate) the process on a 
small scale. You will need the following items: 



I baby-food jar 
I knife, cork borer, 

or scissors 
Naphthalene flakes 
Sodium thiosulfate 
Sulfur ' 



I test-tube rack 
3 test tubes 
I alcohol burner 
I test-tube holder 
3 larg^ corks 

I flat metal or glass surface 

(aluminum foil, window glass) 

ACTIVITY 1. Using a knife, cork borer, or^clseort, carefully 
dig out the middle of a cork to make a well, as shown In the 
diagram. Prepare three corks like this and label them A. B, 

and C. • > \ 

kbout 4 crti^ 





- — ^ 


1 r 


t \ 

About 4 cm 


1 . * * 




k 





Aboul 2 cm 



^ Atx>ut 2.5 cm 



Abo 



\ 



ACTIVITY 2. Get 3 test tubes and label them A. B. and C. 
Put about 5 cm of naphthalene flakes into test tube A. 




ACTIVITY 3. Put about the same amount (5 cm) of sodium 
thiosulfate into tube B and of sulfur into tube C. 




ACTIVITY 4. Very gently heat tube A until the naphthalene 
starts to melt. Then t^e the tube away and shake it gently. 
Heat a little more aiid then shake again. Keep doing this until 
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ACTIVITY 5. Pour part of the melted naphthalene quickly Into 
the well In the cork labeled A, Just filling the well. Put the 
cork aside In a safe place where it won't get knocked over. 
Look at the top of the liquid every few minutes or so, but don't 
move the cork. 





ACTIVITY 6. Support the piece of glass or aluminum foil on 
a paper towel. Now pour the rest of the naphthalene down 
the gently sloping glass or foil. 



Repeat Activities 4, 5 and 6, using the sodium ;hiosulfatc 
and then the sulfur. Try not to use all the sulfur from tube 
C. Set lube C aside after th/ise activities. Meanwhile, keep 
checking on the melted materials you poured into the wells 
in the corks. 

Now carefully compare the structure of the materials you 
poured onto the flat surfaces with the materials in the corks. 
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ACTIVITY 7. When the substance In each cork is completely 
solid, cut the cork In half with a sharp knife. 
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What diircrcnccs do you observe belween liie subslaiues 
Ci>olcd by pouring down the ghiss and the substanees eooled 
b\ jHUuin^*. UuMH inU) a u<'II in .i ituk* 

You have just earned out a sinudation experiment. Pour 
ing the molten material down a cold slope is somewhat simi- 
lar to what happens when lava pours out onto the huul 
surtaee. Lava, however, eontains several dillerent ehemieal 
substanees, and its temperature is aboui 900 1100'' (\ de- 
pending on the, mineral eomposition. 

"^rhe liquid in the eork simulates nu>lten rock that has 
foreed its way into eraeks deep in the crust. The surroundmg 
rock acts as an insulator just as the eork does and prevents 
rapid loss of heat. A body of igneous rock formed in this 
way is called an intrusion. 

Sometimes the lava in contact with the cold rock at the 
margin of an intrusion is chilled more quickly than in the 
center. M 

Look at the substanees in the corks you have cut (l igure 
1). What^ilferences can you see in the structure of the 
material next tcr-the cork (at A) and in the middle (at B)? 
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ACTIVITY 8. Now get test tube C with the leftover sulfur in 
It. (If you used all the sulfur, add about half an inch more.) ^ 
Heat very gently as you did before to produce a pale golden 
liquid. Have a beaker of cold water ready. Pour the liquid 
sulfur Into the water. 




the **intrusion" and from the ''flow.'' These differences are 



vot v similar to what liapiu-ns to lava \i lava pouis out under 
ihc sea. iMulls niU. lumps w'llli a i'Jassv i.u.knu' suil.uc- H 
it pours out onto the laiul in thin tliuvs tiiat cool very rapully. 
it may lorni a jilassy substamc. 

Sulfur docs uot really tonn a <>lass. but the very rapid 
eooling does not allow crystals to tonn properly. When this 
sort of thing happens to the silicate minerals in lava, crystals 
cannot form; therefore, a glass is formed instead. 

(Jet tlic rock kit and select the igne^fus rocks from it. (You 
should already have done the resource on distinguishing rock 
types. If you have not.. stop here and do thy previous re- 
source.) Compare the ditVerent types of igneous rock. What 
diflerences can yv)U see in the colors, shapes, and sizes of 
crystals? Can you" predict whether each rock is from an intru- 
sion or from a flow? 

A simulation experiment is often a useful device lor help- 
ing to develop models of processes that are dillieult to ob- 
serve, (icologists^^n the field can add other evidence to that 
from siniuUilion experiments because there are active vol- 
canoes in existence. I-rcshly cooled lava Hows tuMn a new 
eruption can be examined and compared with much older 
rocks. 



7 1 The Formation of 
Layered Sediments 



ARE • MY 
DEPOSITS 
GUARANTEED? 




FIRST BANK 

of 
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Whether vou are at the seashore, m the mountains, or on 
the plains, vou aic likolv (o tuui rork t>ui*.iops hkc* fhosc 
shown in I'igure L The outcri>ps all have one striknig t'eaiurc 
in common. lake a carel'ul look at I'igures 2 and ^, loo, and 
see if you can identify the feature that all thyjc photographs 
have in common. It is a feature that probaHj^ came about 
in roughly the same way each tune. ^ 




lo li\ Iv) j;ti NOiiu- <.lui-> .iboiii ili.- hi.ui.mi oI llir. U.i 
turc, you can <.U> sonu- simple cxiH-iimciUs. ^ou ami yonv 
partner will need tiic lt>llo\vin!\ materials. • 



4 loM tubes, wuh 

2 hahy-lood jars 

50 iiil water 

tsp crushed 
ehalk (white) 

^ tsp crushed 

ehalk (colored) 

J tsp sand 

i tsp silt 

f tsp sand'J^il^ mixture 



I j^hislic leaNpiK>n 

1 lH)i(le ol* calcium 

chloiidv powder 
1 bottle sotluun carbonate 
^ powdei 
1 droppers 

Dropping bottle of liCl 

1 watch ^Idss or other 
piece of glass 

I Idter-paper disk 





ACTIVITY 1- Fill a teSt tube about- half full of water and add 
about \ teaspoon calcium chloride. Cap the test tube and 
shake It to dissolve the calcium chloride. ^ 



t \. 



ACTIVITY 2. Stand the test tube In a baby-food Jar on the 
taSle. Remove the stopper and let the water settle. Now takfe 
i teaspoon sand, hold It over the bottle, and tap gently so 
that the sand gralhs fall slowly Into the water in the test tube. 
Keep tapping until all the sand has gone... 



ACTIVITY 3. Using the t^aine tost tube, caiefuUy add ^ tea 
spoon crushed colored chalk in the same way. Do not disturb 
the test tube while you are doing it, and let it stand for a few 
minutes afterward. 



, Repeat the process once more, using the white chalk 
Allow it to settle tor aboutstwo minutes and then add the 
silt in the same way. Now look into the test tube through 
the side, without disturbing it. What do*you see? 

ACTIVITY 4. Put about an Inch of water Into a clean test tube, 
and add \ teaspoon sodium carbonate* Stopper and shake 
it until everything dissolves. Take up the solution into a drop- 
per. Slowly add the solution, a cpupie of drops at a time, into 
the test tube to which you added sane), chalk, and silt. Ob- 
serve what is happening. When you have used all the sodium 
carbonate solution, let the test tube st^nd for several minutes. 




1 inch water 
and sodium 
carbonate 




Could this process— particles settling in water— form lay- 
ers like those in the photographs? What evidence would you 
need about the rocks in the photographs to cenfirm thai this 
process caused the layers to form? 

In tl;e experiment just completed, you selected diffbrcnt 
^kids of particles, and you \ised a chemical reaction to pro- 
Tmce another kind of partic^^. Let's take a closer look at the 
chemically formed particles. 




9 



RESOURCE 7 



ACMVn Y 1>. Put about *in inch of watci into a third clean ti->t 
tube. Add about a ^ teaspoon calcium chloride. Stopper the 
tube and shake It until everything dissolves. Make up a solu- 
tion of sodium carbonate as you did for Activity 4. Add this 
solution to tho calcium chloride solution. 

ACTIVITY 6. Now filter the mixture you have made into a 



Cqiclum 
chloride 




ACTIVITY 7. Scrape the particles off the filter paper onto a 
small watch glass or other piece of glass. That which remains 
on the glass Is the residue. • ^ 




ACTIVITY 8. Using a clean dfoppm, add oim dfup of hydio- 
chtoric acid to the residue. 




What happened when you added hydrochloric acid to the 
particles? You will lind that some of tlie rock specimens in 
the rock kit will also react in a smiilar^ay with hydrochloric 
acid. These rocks are called limestones and contani calcium 
carbonate, the same chemical contained in the particles that 
settled out of the solution in Activity 4. Some linicstt)ncs are 
thought to have been formed by the settling-out of cajciuni 
carbonate in la > 

Get the ro$i^fjiri$Rind out which specimens react with 
hydrochlofK^.a^J^ ^ 




ACTIVITY 9. Tak% your fourth clean test tube and fill it about 
three-fourths )|fill1of .^ater. Pour about 1 teaspoon of the 
sand-silt mixture into the test tube. Stopper the test tube and 
shake It vigorously for a few secon<^. Put the test tube Into 
the jar and let the contents settle. Carefully observe what is 
happening. ^ 



What d^ you*notivc about thC rate "of settling of the 
different-sized particles? 

These simple experiments and the evidence in the rock 
specimens give a few clues .that layers might be formed from 
particles settling out from water, but how are these layers 
changed into rdck? 

You can jget some more clues by doing the following re- 
source* **How Sediments Harden into Rock/' 




Water (^4 full) 
4 
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8 How Sediments 
Harden into Rock 



Sediments arc deposited in the form of^ layers of particles. 
The partieles in most layered \\k\ have pu>perties that shcnv 
they were i>!iee sediments deposited in water. But how do 
sueli sediments beei>me hardened into roek? 

Sinee the water in rivers and in the oceans contains many 
dissolve^/ minerals, perhaps these miii^als^have an etlect on 
depositcdSi^mcnts. To study how cnssolved minerals can 
allect sediments, you can try the following experiment. Gk) 
to the supply arculmd get the following items: 

3 paper cups 
1 teaspoon 
I-ine sand 

l^Vrroiis sulfate (a soluble compound of iron) 

Ferrous ammonium sulfate (a soluble compound of iron) 

Scissors 



ACTIVITY .1 . Get a paper cup and cut It off to make a small 
flat dish about haff an inch deep. Fill It about halfway with 
water and add about ^ teaspoon ferrous sulfate. Shake the 
dish until the FeSO^ dissolves completely. 




ACTIVITY 2. Now sprinkle fine sand Into the water. Keep ^ 
adding until wet sand almost fills the dish. Shake the dish 
to level the sediment and then set it aside in ^ warm^iafe 
place until your next class. 



nu>niuin siiUatc as the suhsiaiuc tt^ bo dissolved 
. Also sol lip a third oxponniont, usiiij'. i>nlY watoi aiui sand, 
without any dissi>lvod ininoial. 

1J1. What IS the jniipo.sc ol this thud cxponniunt* 

SiiKC it will take at loast a day i'oi the sand to dry out, 
you nn^ht go on to the next resource, ''Sedimentary Koeks/* 
if you still have class time left. When the sand has completely 
dried out, remove it trom the paper cup. and compare the 
results of the three experiiuents. 

LJ2. What do you notice? 

In this experiment, the presence of a dissolved iron com- 
pound in water causes a cementing and hardening action on 
the sand particles as deposit dries out. You may even 
have found that your deposit changed to a yellowisli color. 

Iron compounds have been identified as the cementing 
agent in many sedimentary rocks, and tha yellowish or red- 
dish color of many sandstones is duC to the presence of such 
compounds in the cementing material. 

This experiment suggests at least one way that deposited 
particles might harden. Natural waters contain many dis- 
solved materials that could act in a way similar to that of 
the materials you tried.. 



9 Sedimentary Rocks 

Get the rock sample kit and pick out the sedimentary rocks. 
(If yoyrf^liave trouble doing this, see Resource 5.) Your task 
in this resource will be to identify each sedimentary rock 
as sandstone, shale, or limestone. 

Sandstone, as its name implies, is composed of smid grain!j 
cemented together. Shale is hardened clay or mud. It often 
has a "muddy" odor when it is moistened. Limestone is 
composed of calcium carbonate, the same chemical con- 
tained in sea shells. Limestone fizzes vigorously when a drop 
of HCl is applied to it. , • • 



Here aic some icsls lhal \uu iua\ Inul lu lj)lui ui v LivmI ynij^ 
the locks. 

1. look closely al each unk wiih a haiul lens, 
a. What IS (he aveiar.c si/c of ihe urains? 
b- Wliat IS (he shape of ihe giains louiuled, ant»ulai\ 

or cK>npatcd? 
c. What-is ihc eoU)i of the »:iains*^ 

2. StiKiy tfic material that holds the |;rains io*;etlicr. 
a. Is it tine-grained oi erysialline? ' 
b' If it is crystalline, what is the si/e of the individual 

crystals? 

3. What happens wlien you put a drop of dilute IK'l 
(hydrochloric acid) on each rock? 

4. Breathe on each rock. Try to identify ahy odors that 
result. 

The results of the above tests should give you enough 
information to identify the rocks. 

After careful thought and experimentation, geologists have 
cc^neluded that rocks like sandstone, shale, and limestone 
were formed in lake^ and seas. The theory is that the sand 
and clay that were deposited in seas and lakes became ce- 
mented into sandstone and-shale. Limestone is thought to 
be fused calcium carbonate that was once dissolved in sea- 
water (calcium carbonate is part of the **salt'* of the seas). 

Sedimentary rocks are generally found in layers. If you 
would like to know why, sec Resource 7, in this cluster. 

10 Metamorphic Rocks— 
A Field Trip in 
tlie Classroom 

Metamorphic rocks are rocks that have been changed in form 
because of increases in temperature and pressure. Any rock 
may be subjected to metamorphism. In this resource you are 
going to imagine that you are going on a field trip in an 
area where metamorphic rocks arc found. After collecting 



the UH ks vou will ivliun to llic lahoialoiv as would a i^volo 
this resource, Yi)U will iieed the tollo\vi!\*>: 



1 ^ei>l0|>u' map of a 
luelainorplue area 

1 piece ol cc41uk)se 
acetate lilm 

1 bottle o( acel<.)ne oi 
nail polish remover 



1 hand lens 
1 nieial file 
I lock kit conlaininj* 

samples 05, 16, 18, 20 
Piece oi line sandpaj)ec 
Pan ol clean sand 



ACTIVITY 1. For each of the geology stops listed below, 
imagine you are in the field collecting samples of rocks. Using 
the directions at each stop, locate that spot on the map and 
record on the map the identification number of the rock sam- 
ple. Use the map in your Record Book. 



Stop # 1 At the north end of unimproved dirt road about 

1 nule from west end of Iggy Road. Specimen 

tfagmeni 16 collected here. 
Stup #2 loiersection of Iggy Road and ISCS Highway 21. 

Sample 18 collected here. 
Stop #3 Intersection of ISCS Highw^ay 21 and hast Street. 

Sample very similar to 18 collected here. 
Stop #4 Intersection of Hast Street and an lini^iproved 

dirt road. Satnple similar to 16 collected here. 
Stop #5 Intersection Kast Street and Iggy Road. Sample 

20 located hci^e. 
Stop #6 Edge of map .and East Street. Sample 05 collected 

here. ^ 

Stop #7 Intersection of Lake Street and Lake Creek. Sam- 
ple similar tg 20 found here. 

Stop #8 intersection of Lake Street and the light-duty 
road. Sampla similar to specimen 05 collected 
here. 

When you have finished thp field trip, make sure you have 
recorded the sample numbers on the map at each of the eight 
stops. Although you made eight stops, you should only have 
four rock samples, since you collected a similar rock for each 
of these fpur at another station. 
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Figure 1 



ACllvn Y 2. Draw a line ffoin the uppei left coinei ol the map 
to the lower right corner of the map and then place each rock 
sample at any one of the stations from which it was collected. 

I ;i. If you stall I'uMU iIu\(|>|h-i K-ft U.wd rvMiici and move 
al<Mi^ the lino io the lower iirhl. whM inajoi diirciciu'cs 
anu>n^ the u>cks do \on now'} 

If YOU oxaininc the wkIs in the up\K'i Iclt pari of ihc map 
you will note tlial ihcy aic sednucnlaiy> and as you move 
toward llie K)wer ri«ihl ihey *:iade into metamoiphie I'oeks. 
Vou should have iu>ied thai as \ou nune towaid ihe lower 
ri^hl the roeks beei)me moie laveied oi banded, and the 
minerals wx the rocks become hu*ier. 



I. 
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sometimes siudy rocks by making an acetate pool i>f the rock. 
Pick up rock OS. and examine it carefully, lookiui* loi a Hat, 
polished surface. If y^nir rock does iu>t have a polished sur- 
face, then YOU will have to p4)Iish it by following the insiruc 
lions in Activity 3. If it is polished, start with Activity 4. 

ACTIVITY 3. Hold ihe rock in your hand so that the surface 
to be polished faces outward. Lay a steel file flat On the desk 
and grind the surface of the rock on the^ile for a few minutes. 
The area you grind should be at least 1.5 cm square. Use 
fine sandpaper when you think the surface is smooth. Wash 
the rock in water and let it dry. 




ACTIVITY 4. Support the rock sample by^gently pushing 
downward and slightly rotating the rock into a pan containing 
clean sand. The polished surface should be face-up and 
horizontal. > 
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ACIIVIIY^S. Carefully wet the polished sutface with a few 
drops of acetone or nail polish remover. Hold the acetate 
film between thumb and forefinger of each hand and ^^end 
downward Into a U shape. Apply to the rock so that the base 
of the U Is first to touch the wet surface. Progressively roll 
the film out so that It Is flat on the rock. Do not press with 
your fingers. Let this dry for about 1 5 minutes. 




While the first rock is drying, repeat Activities 3 through 
5 for the other rocks. 



ACTIVITY 6. After 15 minutes, carefully lift the peel off by 
grasping one corner with your finger and gently IIftInq^3^The 

acetate should peel off, ^ ' 

♦ 

When you have made four peels, examine them carefully 
with a hand lens. Using the peels, answer the following 
questions. 

[^2, What differences do you note in the size of the minerals 
in each rock? 

□ 3. What differences do you note in the arrangement of 
the minerals in each rock? 

You have already learned that mctamorphic rocks origi- 
nate when rocks are changed by conditions of high tempera- 
ture and pressure. Let's assume that the original rock for the 



fhroc inctainoi phic locks in tiiis activitv was \Uc sodnmMU:n\ 
UKk \ou Ci)llcclcd 111 llu* uj)j)cj U'll u-^\ii>u.N ul llu' niap. 1 In n 
rock IS called shale, which is made ol* voiy line pailicles of 
silt and day. \o\\ should have noted Iroiii the peels that the 
grain si/e of the minerals of the rock incicM^sed as vou moved 
ti>ward the southeast regions of your map. Also the appear- 
ance of a layer jDr bands became more prouomicevl as you 
moved toward the southeast. 

I 14. What part of the map do you think was subjected lo 
highest temperatures and pressures? 

The type of metamorphism you are studying here is called 
regional metamorphism. The reason for this is that niela- 
morphic rocks generally occupy large areas on the earth. 
These rocks form deep in the crust, and the fact that you 
collected them on the surface indicates they were uplifted 
and the rocks above them were eroded away. It is generally 
agreed that the rocks with pronounced layering or banding 
have undergone more change than other rocks. IVrhaps the 
higher temperatures and pressures occurred in the southeast 
region of the map. 

As you will learn later in this unit, greater masses of hot 
rocks buried deep in the crust, known as igneous intrusions, 
might provide the high temperatures necessary to metamor- 
phose rocks. 



1 1 Identifying 
Rock-forming 
Minerals 



There are more than 2,000 difrerent minerals on the earth, 
yet the ones that are useful in the study of rocks can be 
reduced to about a dozen. In this resource you will use a 
simplified classification system to help you identiiy jjiincral 
specimens. . 

Obtain from the supply area a kit^minerals, a glass plate, 
a knife, and a hand lens. 
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Knife 



ACllVllY I, Pick up mineral sample 2ii (biutite mica) and 
carefully try to iieel a layer off the to|^. Place a knife between 
the layers and lift. This peeling or separation along a smooth 
surface is called cleavage. 

ACTIVITY 2, Hold the sample in your hand with the fresh 
surface up at about eye level. Now rotate the sample until 
you see a flash of light. Cleavage surfaces will flash in light 
as a mirror will if you hold it at the right angle to the sun. 



[I 



Lift slightly, 
then turn down 




SUff 




Figure 1 




Minerals can have several eleavaj^e suilaees. 1 he nuneral 
you arc now holding has one cleavage surface. 

hxaminc the drawings in l-igure- L Cleavage surfaces are 
shown for samples having one, two, and three directions. 




b. Cleavage in two 

directions at right angles 
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Cleavage in three 
directions at right angles 





a. Cleavage in one direction 



c. Cleava^in two directions 
not at riqht angles 




e. Cleavage in three 

directions not at right angles 




J. 



Rcnicnibci (hat dcavaj^c laces will Hash when vou loiau* 
thcin ni good light; other siu faces will not. 



ACTIVITY 3, Pick up mineral sample 23 (mlcrocllne feldspar). 
Hold the sample In good light and rotate, lookinQ for flashes. 
You should be able to identify two cleavage directions, at 
about 90 to each other. 




?nd dirocUon 




tsi direction 



ACTIVITY 4. Lay the glass plate on the table. Holding mineral 
sample 23 (feldspar) In your hand, try to scratch the glass with 
the sample. To determine If you have scratched the glass, rub 
your moistened finger across the mark. If the mark comes 
off, then you have not scratched the glass. If the mark re- 
mains, look Closely at it with a hand lens. 



If' you can scratch the glass with the mineral, then we 
conclude that the mineral is harder than glass. If you cann<^ 
scratc^i the glass, then the mineral is softer than gla.ss. 

□ 1. Is the mineral sample 23 harder, or softer, than glass? 

You should have determined that mineral sample 23 is 
harder than -glass. , 

Using the same mineral you tested in Activity 4, determine 
its luster. To do this, examine Figure 2, which shows two 
photos of minerals having either a metallic luster (look like 
a metal) .or a nonmetallic luster (look, glassy, greasy,- waxy,- 
pearly). .. / \ , . %^ 

□2. What kind of luster does mineral sample 23 have? 





. ^ To identify a mineral, you will need lo determine its luster* 

^^gur§ 2 (metallic or nonmetalUc),,HH- hardness (harder or softer than 
. glass)/ and if it has cleavage surfaces. When you determine 
( f these three properties, you should then refer to the mineral 
classification chart on this page and the next page. 
* Identify each of the samples, in the mineral identification 

key by following thd procedure above. 




'68 RESOURQE 11 



♦ . 


i 




Mineral Classification .C^harl ^ 
Special Propcilics 


Ha me 








2 directions of cleavage; pink, 
while V, 


Microclinc 
feldspar 




der than 'glass' 


Cleavi 


2* directions of cleavage; white, 
blue-gray, slriations (lines) on 
some cleavage planes 


Plagioclase 
feldspar 


^ '\ 
\ ** . 




y 

Red, brown, or yellow 


Garnet 

— ^ — . f,, ■ ■ ,. 


I 

• 

. 1> 
W 


Har 


0 cleavag 


^ 

Olivi'ne green<i|pomiiU)nly in 
small glassy grains 


Olivine 


•M- 




2. - 


Tri^iisparent, milky-while ' 


^ Quartz 


Nonmeial 






• Brown to black; perfect 

cle|yage producing thin elastic 
/sheau 

* 


Biotite 
mica 




r than glass 


leavage 


4^ ; ^ 

3 cleavage directions— surfaces 
*^Ioo^c fJke this ZI7 ; colorless, 
white; effer^wces iir^HCl 

• ■ — 


Calcite 


• 

I' 


-4> 

o . 




Perfect cleavage, producing^ 
thin elastic sheets 

< 


Muscovite 
hiica 








'Dark-green to black; 2 cleav^e 
directions . , 


j^ornblendc 
and Augite 



■ V*. ■ 


1 




r ^ 




' w 
A} 


1 


• 






■•i 


/ X 

.1 ■ 


.0 


Heavy; $ilvcr-gray color; lilUc 
cubc» 


Galena 


i 






Hematite 



1 2 How Rocks Change 
from One Kind to 
Another 

The earth's crust is in constant change. iJA'hethcr you okamine 
rock in the mountains, the midlands, or the shorelands, ^ou 
see tfie^same cycle of chaitge. Figure 1, op the fbllowing 
page, is a simplified diagr^ of the rock cycle. Wiih it, you 
should be able to predict tTow one kind of rock can change 
into another kind. 

As a starting point for making predictioris from the dia- 
gram, consider the molten rock coming from a volcano. This 
lava, was pushed upward and exposed to weatltering. Any 
rocks exposed to wind, water, and changing temperature will 
be brokftn down and carried away as sediments, which may 
then be deposited in a lower region. Constant wearing away 
aiid deposition of more sediments will bury the first sedi- 
ments to arrive. 

In time,, the buried sedipients become hardened to form 




sedimentary rock. With added pressure andjheat, the sedi- 
mentary rock may change to metamorphic rock. The meta- 
morphic rock can melt and be pushed into or onto overlying 
sediments as igneous rock. This'completes the cycle for this 
case, since this rock has gone through a whole cycle from 
igneous rock to igneous rock. 



CLUSTER B 

(Resources 13-16) 
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1 3 Making a Volcano 

Cuuiion l)o ////\ ivsourrc only affcr 
ohfdinifui vour /. </r//('/-*v permission^ ^ 

During a v9canic eruption, molttn rock and gases come to 
the surfa^of the' earth. In some cases the eruption is very 
violent, sending molten rock several hundred feet into the 
air, while in .other volcanoes hot rock pours slowly out of 
the vent. In this resource we will use^'a simple model of. a 
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\oIc«uu) U) sludv Its l>cha\ u>i when it rnipls. < >l>Mm llu* 
tollowuif; matcnals iVoin llic supply aioa 

I copper CO!K* 

1 inasoiuk" boaul. 10" x 10" 

2 slnp ina^ncsiuni ril)lH>n» 2^' long 
1 pair twoc/cis 

30 cc aiHnu>uuun dichu)inatc\ (NH.J.X'i./); 

4 bricks 

Wi)Oilcn matches 



ACTIVITY 1. With your partner, set up the apparatus as showri 
in the diagram and fill the cone to the top with the ammonium 
dichromate. Do not pack down. Using tweezers, insert un- 
lighted 2 ^ " piece of magnesium ribbon into cone, leaving 
1" exposed above the dichromate. 



Brick 
support 




Caution Keep your face and hair away from (he cone. Auoid 
(ouchin^ (he powder. 



Magnesium 
ribbon 




ACTIVITY 2. In a dimly llght^ room, Ignite a match and 
carefully bring the match up to the ribbon and ignite It. Do 
not touch matph to the dichromate. When ribbon Ignites, 
stand back iind observe what happens. 



\Villu)ul distuihiuf. Uu- powdoi on llu- inasonilo ho.nd. 
letill iho ciuic with aininoiuuin du-hiouMtr. and iiiscil a tiesh 
piece or inaj;ncsunn iihhon Repeal Aeiivny 1. 

ACTIVITY 3, At eye le\7el with the masonile board, sketch a 
diagram In your Record Book, showing what the volcano 
looks like from right to left. As an aid. Imagine walking from 
points A to B across the volcano. 




(11, Does your sketch resemble any ol' the Mono craters you 
saw on page 38? 

LJ2, Hi)w do you believe Mono craters were formed? 



14 Layered tgneous 
Rock 



When molten rcxrk Hows out onto the earthHv surfaee through 
cracks in the earth's crust, it forms a layer of lava that cools 
to a line-grained crystalline rock. What happens to the 
molten rock trapped in the cracks? • • ^ 

Look at Figure 1, which shows a rock outcropping in ^ 
cliff, in Glacier National Pajrk, Montana. Notice the layers 
in this outcrop, also seen in, many other rock outcrops illus- 
trated 'in this book. 

' 6'7 , : 



The dark layer near the top of the photograph'is a different 
kind of rock from the rocks above and below it. It. is a very 
hard, medium-grained eo^stalline rock containing several 
different minerals. The cfystiils in the middle ol" the layer 
are slightl)^ larger in size than tl^ose near the top or the 
bottom of me layer. • 

If yau have done the resource on identifying the mam 
classes of rocks, you will recognize thcse>ropei^ies as be- 
>nging to igneous rock— a rock layer formed by theA;o,oling 
of molten rocK. The rocks above and below the dark layer 
' are siedimentary. Careful examination of the boundary with 
the dark rock shows a narrow band/jTBliked, light-colored . 
rock much harder than the rest offhc sediment. , • 
• The dark layer of igneous rock is called a sill. It is thought 
to have been formed from the 4;6oling of molten rock that 
forced its way through a^crack forwe^d af the zone of weak- 
"neAmuch later than thel>edimenls above^d below it. (See 
lFigtSfe-2.) 

When a series of layers of sedimentary rocks is divided 
_ *y layers Qf igneous rocks, you sometimes can't tell what 
•- happened. You. don't know whether the igneous layer is a 
" lava flow with th«K;sediments dep<ysited above it later or 



whclhcr il is a sill lhal inH iuicd bclwocn layers of scdiinciil. 
Ifyou look closely al the top and bolloin of ihc i*;ncuus layer, 
however, i^ially you ean decide fairly easily, (an you guess 
how? Kenieiiibcr lhal a m11 is pushed inlo rocks and lhat 
a lava How is poured oul i>nlo the surface. 

The answer is fairly simple. A sill, heiil^ very hoi when 
il was squeezed between layeis,*would change the rocks both 
above and below it. 1 he heal would change (melaniorphose) 
the sedinienlary rocks on either side. However, vvhen a la-va 
How forms, there is only rock beneath it as il pours oul onto 
the surface. Therefore; only the lower boundary of the layer 
will be melaniorphoserf. By the lime a rock layer is deposited 
on top of the igneous layer, il would be cold. 

1 5 Molten Rock 

Beneath the Crust 

4 

What happens when molten rock cools within the earth's 
crust? That's what you -will discover as you do this resource. 
You will make a clay model to represent several igneous rock 
features that form wltcn molten rock coofs while still within 
the crust of the earth, • ^ 

Figure 1 shows a slab of igneows rock (a dike) that cuts 
across layer-s of sedimentary rock. Which was tbrmed lirst, 
the ig^ieous rock or the sedimentaVy rock? 

Fig6re 2 shows Moro Rock, a dome-shaped mound of 
solid granite. You might thiiikfthis mountain of igneous rock 
was volcanic, but it has none of the fiftuire!> associated with 
volcanoes. The large crystals of which it is madc*are evidence 



Figure 1 



Figure 2 



that it cooled very slowly- perhaps while buriefl in the crust. 
If so, how do dome mountains like this become smlace 

features? .,i • i 

The, following activities with modelmg clay will help you 
understand tfc-theories that have been developed to explain 
these features. You will need a knife and three lumps ol clay, 
each of a different color. 

-6 cm- 




ACTIVITY 1. Cut two strips of modeling clay of one color, 6 
cm X 6 cm X 1 cn^ahd tvw) stripe the same size of another 
color. Make them Into a block (alternating the colors as 
•hown) to represent sedimentary beds In the earth's crust. 



* RESOURCE 15 



ACTIVITY 2. Scoop out a dome-shaped hole In the bottom 
of the block so that you remove clay from the bottom two 
layers, but not the top two layers- Imagine that the rock has 
melted. Pack a different-colored clay (to represent molten 
rock) into the hole. Fill the hole completely. 



BOTTOM VIEW 




Clay 

representing 
molten rock 
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ACTIVITY 3. Use a knife to make two cuts Into your block. 
Make one vertical cut across the middle, cutting down only 
as far as the second layer from the bottom. The other cut 
should be a diagonal cut, Intersecting ttie first one as shown. 




Diagonal 
cut 



Vertical 
cut 



Uplifted 
block 




Cut stops at 
op of dome. 



ACTIVITY 4. Take some more of the colored clay you use^ 
to represent the molten rock and flatten it into thin sheet 
about 2 mm thick. Open up the two top cuts you have maOe 
and push a thin piece into each one, Joining them wlttyihe 
dome piece. Separate the second ar^ third layers of me 
block, and slip in a sheet on top of the second layer. It will 
conn€K:t with both top tuts and the dome^ 
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ACTIVITY 5. Now cut your block In half along the line AB all 
the way to the bottom of the block. 



Cut line 




Look closely at the block's inner face. You have a niDticl 
of molten rock intruding as a dome, as a sill (between the 
beds), and as dikes (across tlie beds). See I'lgmc 3. Ni>iice 
that intrusion of the sill has caused uplift. 




molten rock 

Figure 3 

Now imagine that the molten rock has cooled and that 
steady erosion keeps removing the sediments, the dikes, and 
the sill. 



Dome 




ACTIVITY 6. Take one^alf of the cut block and carefully 
remove all three top layers, the sills, and the dikes until you 
are left with the bottom layar and the dome. 



/Ybiy inaNs of molten ukI like that in a clonic wonki iiavc 
cooled verv slowU It would ha\e nuuh lairei eivstaK Chan 
the dikes or sdl. Beinj\ Mieh a hiR mass ol haul uuicoun rock. 
It would he leMNlanl to cioMon 

16 Cone-shaped 
Mountains and 
Lava Flow 

In the western pari of the United States, you ean lind ei)ne- 
shapcd mountains, some of them with cralers ni the lop. The 
cinder' eone (I 'i^ure 1) at i.assen Volcanic National Park, 
California, is typical. The rock in these mountains is igneous, 
meaning 'thai it has cooled from molten roek, which may 
be alternately layered wah ash. 




I he shape and ihe ukI ivpe arc ovuIoikv lhal these ei>ne- 
shaped nuuiiitains weie oiue \t>K aiu>es. but iu>t all la\a Hows 
ioim eones The (\>Iuiiibia plateau in the iu>illuvest I'lnted 
States is einxicd by layers oi i»',nci)u:> u>ek< over an aiea i>I 
5()0,()(M) square kilometers, as slumn in l ii^ure 2. 



Oregon 




Figure 2 

Although there are several ei)ne'shaped nu>untains in this 
region, the hiva eoniing lVi>in them could m»t have ei)vered 
suefi'a vast area. Instead, most i>rthe hiva is believed ti) have 
poured out (>riong cracks, called //.vaz//<'a. in the earth's crust. 
l*he cooled lava that poured out ol' these lissure Vi)leani)es 
is a hardr tine-grained igneous rock. It has properties stmihir 
io those of the volcanic rock that is^still being Ibrmcd-by 
the Kilauea and '^auna Loa^voleanoes in Hawaii* 




17 Wedge-shaped 
* Mountains and 
Uplift by Faulting 



CLUSTER C 

(Resources 17-19) 



High in the Rocky Mountains, several thousand meters 
above sea level, arc layered sedimentary rocks'^ What does 
evidence like this show^?. One explanation is that the crust 
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oi the earth imist liavc l>ccn pushcil ujnvaul i>vci a vast 
period or ^Ci>k>pc time. 

In this resource, you will look al sonic models ol' how this 
uplift may have U)me abi)ut. (id two colors ot nuKieli^^ 
clay and a knil'e. , 

ACTIVITY 1, From each cokn%<|^ piece of clay, ciy two thin 
strips, edth about 10 cm long, sScm wide, and 1 cM thick. 




ACTIVITY 2, Let each strip represent a layer of sediment 
deposited In water. Deposit one on top of the other, alter- 
nating the colors, to make a block. 




ACTIVITY 3«^lmaglne that these layers represent a region 
where forces on the crust cause a crack or zone of weakness. 
Cut a sloplYig crack as shown. % ^ 



RESOURCE 17. 




ACTIVITY 4. After cutting, press the two pieces together again 
to that they |ust barely hold together. Support the block on 
two rulers. Press down on one end of the block and vibrate 
the block slightly as you push. Gently vibrate and push until 
the cut surfaces begin to slide apart. 




The line of slippage as shown in ffgure 
fault line. 



1 is called the 



I 




► . If you were careful in following directioj)s, your block 
should now loolf like the sketch in Figure L Compare your ' 
clay model with Figure 2. Can you identity the fault line 

in this picture? ' ' ' . ' . * , 

Two conditions are necessary for this theory to explain 
mountains like those in Figure 2. There must be a zone of 
weakness in the rocks, and there must be a strong downward 
force some distance away to cause a tilting of the block. 

' "... f 




-fTesource 1 
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Figure 2 




FIgur* 3 

* 



In this model of mountain uplift, the great v^eight of the 
V sediments on the /ocean floor pushed downward, causing 

RESOURCE 1 7 . slippage along the fault. ♦ 



18 Uplift of Mountains 
Due to Folding 



One lhci>i\ U> explain how the crust is pushed up lt»^lorni 
mountains is based on the eonlinenlal drift model for ^ihe 
, earlh\ crust. According to this model, the collision ot'crusial 
) plates causes pressuie that results in a folding of the crusl. 
lo make a model that explains hiyered and folded leaiuics 
of the crust, you will need two colors of nu>deling clay, 

4 

✓ ACTIVITY 1. Flatten or cut the clay Into' strips 1 cm by 3 cm 
by 10 cm. Malcetwo strips of each colon 




ACTIVITY 2. Stack the strips, alternating the colors. 

ACTIVITY 3. Place the narrow end of the clay block against 
the wall, protecting ^e wall with a piece of paper. Using a 
block of wood at the opposite end and, steadying It with one 
hand, push the clay block hard and steadily. 




Look carefully at the side of the clay block. The layers 
repfcsent beds of sediments. The dips represent valleys>and 
the humps mountains. 



Figure 1 



Figure 2 



RESOUI^E 18 

V 



When you look at ihc carlh, you cannot always sec the 
folding this clearly because a side view is no' always cxpoNcd. 
But sometimes there is other evidence of folding. 

ACTIVITY 4. Slice off the top one fourth of your clay block. 
Then look down at the top of it. 



This newly revealed.su rface represents a section of country 
where erosion has removed the top part of the folding. As 
^you can §ec in Figure 2. removing the lop sxviion of the crust 
i^hows the strips or bands formed by the folded layers. 






































m 
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Top view 



You can' recogni^ze where bod 4 on your niodelilig clay 
block repeats Uself on the top easily enougk. Ht)\vcvcr, when 
folded rock is expUed in several places miles apart on the 
surface of the .eacth. the job is not easy. A geologist has to 
identify the properties of the rocks. He must look at the way 
they dip into the earth and see what rocks occur liext to one 
another. 

The Appalachian region of the United States has many 
folds. Figure 3 shows a situation very much like the one that 
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The plw)U)^uaph in I 'iguro 5 shows actual folds in a railway 
cutting at Bakcrji\'illc, North C arolina. 1 hcsc folds arc much 
smaller thanjiUic (.\)ve Mountain folding. 




1 9 Old and Young 
Mountains 

Suppose someone asked you which of the two mountains 
shown in Figures 1 and 2 is older. Although this .s a ve.7 
compkx question, it is possible to give a general answer. This 
resource deals with the way to do Jhis. ■ 

The problem in determining the age of a mountam .s that . 
two quite different Sets of forces must be considered. At the 
sime Ume that mountains are being pushed up from ftelow 
Ty^e being worn down from above by water, wind, and 
Ice What you se«>as you look at a mountain « the result 
of both of these sets 6f forces. 
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Figure 1^ 



Figure 2 



If the uplift has been quite a bit greater than the wearing 
away* you should expect high peaks» steep mountain sides, 
deep narrow valleys* and swiftly flowing streams* (Figure 1). 
You might think of such mountains as **young.'* The moun- 
tains shown in Figure 1 began "growing" ab9Ut 7(\ million 
years ago and continue to be uplifted today. 

On the other hand, if wearing away has exceeded uplift, 
or if uplift has stopped, you find rounded hills and broad 
valleys (Figure 2). These are "old** mountains. The ones 
shown in Figure 2 are believed to have stopped "growing** 
about 230 million years ago. 



20 Snow to Ice 



.CLUSTER D 

(Resouraes 20--23) 



This resource deals with the process by which snow turns 
into glacial ice (Figure 1). 

When snowflakes a^ examined closely, they are seen 
always to be six-sided (hexagonal). Because no twd^ snow- 
flakes appear the same, there are millions and millions of 
variations of this hexagonal form. la spite of their variety, 
however, all snowflakes are quite delicate with lots of open 
space. For this reason, freshly fallen snow tends to be rather 
loose, light in weight, and not hard like ice. 
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Al high elevations in the mountains, snowfall often ex- 
ceeds the rate of melting. This results in peaks that remain 
snow covered the ye^r around. As snt>w accumulation in^ 
■ creases, there is greater and greater pressure exerted on the 
snowflakes at the bottom. In time, the Hakes lose their deli- 
cate structure and become loosely packed ice grains. This 
process may take approximately a year, depending upon the 
weather, k/ 

With further packing and' the addition of water from 
melting snow, the granular ice may recrystallize and gradu- 
ally turn to solid ice. At a depll^ of about 15 meters, ice 
particles over a centimeter across are common. At a depth 
of about 30 meters, the pressure is great enough to cause 
the particle? to 'lose their form and fuse into solid iee. In 
cold climates, this change from snow lo granular ice and, 
finally, to solid ice can lake up to 300 years. 

21 The Si^e and 
Movement of 
Glaciers 

Measurements show clearly that the lower edges of glaciers 
may alternately move up or down the sides of mountains. 
Nisqually Glacier, on the side of Washington's Mount Rain- 
ier, moved back more- than 1,200 meters between 1857 and 
1944. On the oth^ hand," the Biack Rapids Glacier in Alaska 
moved forward almost five kilometers during five months in 
1936. What causes glaciers lo retreat and advance? Thai's 
what this resource is about.. 



Lefs begin by examining what happens ai tht heail and 
foot of a typical glacier. Notice that the head oi the glacier 
in I'igure 1 is well up the numntaui sU)pe, where cold tem- 
peratures keep snow present throughout the year. The fallen 
snows gradually turn to ice and add to the si/.e of the glacier. 
At the same time, the foot of the glacier is being melted 
because of the higher temperatures lower down the moun- 
tainside. Gravity, helped by melting and refrcc/ing of ice 
where it contacts rock, causes the ice to slide downward. 




\ 



Often the creation of new ice at the head of a glacier ^ 
equals the ratd of melting at the foot. In this case, although 
ice gradually flows down the hill, the fooi of the glacier . 
remains at about the same^ point. ^ 

But at other times, either the rate of melting or the rate • 
of ice buildup increases with no change in the other. Under 
these conditions, the foot of the glacier would move either 
up or down the mountainside '(see Figure 2^. • ^ RES0URCE.21 
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Causes: More snowfall or a 
drop in temperature 
results in less melting 
and evaporation, 

Htfect; Foot of glacier 
advances down the 
mountain. 



Causes: Less snowfall or 
higher temperature 
results in more meltuig 
and evaporation. 

lillect: I-oot of glacier 
retreats up the 
mountain. 



4^ 
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22 Effects, of 



iai Carving 



/ 



. As glaciers move, they grind, carve, and pluck at th^ rotjky 
laces of mountains. This action produces many of the 
troughs, bowls, ridges, and .sheer cliffs that compose some 
of the world's, most beautiful scenery. This resource deals 
with "the erosive action of glaciers upon mountains. It al.so 
identifies some of the common features that this kind of 
erosion produces. % 
As^ glaciers move down a mountainside, they often pull 
rocks away from the ^rea in which they began. Over a period 
of time, this plucking forms a lUrgc bowl, or cirque, at the 
head of the glacier. As plucking continues, the cirque grows 
larger and deeper, often producing a wail many hundreds 
of /ftieters high ^ind a bowl equally deep. *M^ing of the 
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glacier trcquenlly lurns the bowl of the cirque into a Muall" 
lake called a tarn. I'igure 1 diagrams the process by whicli 
cirques are formed. I-igure 2 shows an actual cirque and tarn. 

Figure 1 




Glacial plucking often produces several cirques on the 
same mountain. Sharp ridges and many-sided peaks called 
horns are two results of this pfocess. Figure 3 diagrams the , 
way these features are formed, and Figure 4 shows a typical 
example, the famous Mallerhorn in Switzerland. 
• A glacier sometimes grinds at jrock surfaces like a piece 
of steel wool or sandpaper. Look at Figures 5 and 6. You 
.can* almost sec the glacier that once 'occupied these areas 
smoothing and polishing the rock surfaces shown. 



Figure 2 
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Perhaps ihc inoM important cllect prodtuctl by movmi; 
glaacrs is shown in l-igurc 7. This Ushapcd valloy is quiic 
f typaal of the trou^i carved -by i^lacivy.s. It stands in sharp 
^ contia-st to the V-slu»ped canyons and giiilies tfiat are cut h\ 
movu^g water. ( The next resource deals with the reasons lor 
Ih^s dilVerencc.) 




Figure 8 shows a numbdr 'of' the glacial features you Ve 
/ studied, all located in a reJatively small area. How many 
additional glacial features can you find? What other agents 
besides glaciers hav*' allected and are allecting this land- 
'^scape? , . ^ ' 



Figure 7 
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23 How Glaciers Form 
U-shaped, Valleys 
and Hanging Valleys 

One pf the most prominent features of many glaciaj land- 
scapes is the huge valleys. These valleys stand in sharp con- 
trast to the valleys carved by rivers.- Conjpare the shape of 
4he typical river valley in Figure 1 with the shape of the 
typical old glacial valley in Figure' 2." Figure 3 on page %' 
is a diagrammatic sketch of these two kinds of valleys. 



A fiver valley is V-shapod 





A ylacial valiey is U-shaped. 



Rock load at 
bottom of cut 



Figure 3 



Figure 4 
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Short, sharp curve 




Rock load 
causes erosion. 



Long, smooth curve 



A fast-rtowing mountain river rolls .stoni-s and pebbles 
along the stream bed, eausing a grinding action. This digs 
the bed deeper along a narrow channel and cuts sharp bends. 

When a glacier move6 dowi>the mountainside, it forms 
a huge, wide, slow-moving mass. Pebbles and boulders are 
embedded in the ice being dragged along. Instead of cutting 
downward like a saw cut, it grinds a wide, U-shaped path, 
which can only bend in long, smooth curves. 




•V' 



■ill* 



IerK) 



If you have access to a rcfngcratot. Ircc/e a tray of ice 
wilh pebbles and stones in a. Then try pushing 'the ice 
through the sand-silt mixture in a stream table to compare 
It With stream action. ' 

In 'fMgure 4. vou can see the wide masses of ice formmi. 
ihe b.g South Sawyer CJlacier in Alaska and two tributary 
glaciers feeding into it. Imagine the huge load of rock debris 
this ice is dragging ak)ng the valley Hour. 




Figure 5 
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\\ Iti n .1 iiilniKiiy iivci 1U>\\:, juU) .uiuilu i' i uv i , iIk l.<i>c 
lovcl iifcioMon is iho hotiDtn dI (ho hi|iiici ii\oi hoili iivciv 
meet at the same valley Jevel. When a tii(nitai\ i^laciei meets 
another ^lacjor. the base level of each valley depViuK dh iiow 
much K-e it earnes. A small ^•lacier cuts a sluiilow valley, 
and a big glacier cuts a deep valley. Hie rock lUH)r t)l a small 
glacial valley can be hi^jh up the wall'tM' the big valley mti> 
whJch it Hows. In old glaciated landscapes, these small tribu- 
lary valley.s can be .seen as "hanging valleys." 

I-'igure 5 .shows how the land.scape illustrated in I'lgure 4 
eould look in the future if the ice melts. The U-*shaped valley 
(1) formed by the main glacier and the hanging valleys (2, 3) " 
formed by the tributary glaciers have been labeled to help you 
compare the diagram with the photograph. 
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shows a typical hanging valley in YostMnitc. li is what re- 
mains from a small tributary glacier of the last tee age and 
can be seen at the right, high ahi)ve thc^big U-sha{X'd valley 
that was carved by the main glacier. 



SUPPORT YOUR 
HANCING VALLEYS 
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The IVIidlands, 
A Pathway to the Sea Chapter 3 
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The largest part of the United States does not huve spectacu- 
lar mountain peaks, crashing surf, or seacoast bathing 
beaches. Instead, it is covered by flat plains or gently rolling 
hills, which ^are cut through here and there by rivers that 
sometimes lie in fairly deep valleys. It is this midland area 
(Section B), between mountains and sea, that you will study 
in this chapter. 




Figure 3-1 contains many of the important features of the 
midlands region. Features from many parts of the country 
have been combined into this one diagram.^ Figure 3-2 gives 
you sortie idea of how much land in the United States can 
be described as midlands. . ' 

Before going on, take a close look at the features shown 
in Figure 3- L By the end of your study, you should be able 
to describe how th^^ midland features weije formed and to 
predict what the midlands might Ao^k like in the future. 



Figure 3-1 
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Bocks In the midlands 



Maay parts of the midlands are flat and contain rocks 
buried in the earth. Often, however, these rocks ar« Exposed 
in ^verbedsland roadcuts. Take a look at the layered rockv 
exposed in/the roadcut in Figure 3-3. Layered rocks like 
these ar^^und almost everywhere in the midlands. 

Figure 3-3 



L]3-1. Based on what you iearncd in C hapicr 2. how do you 
think this hiyercd rock was fornied. and what docs Us* pres- 
ence icU you about the geologic history ol* the area? i 

If you look back to 1-igure 2-4 (Chapter 2), you will lind 
that the major portion of the midlands is composed of tlat- 
lying rocks. In fact, the central portion of the United States 
is made up of sedimentary rocks that were formed in a 
marine environment. Fossil animals and plants that lived in 
the sea are found in rocks throughout the Midwest. But you 
will note on the map in Figure 2-4 that there are aho igneous 
rocks and, in scattered locations, metamorphics. 

The major agent shaping the midlands is the river. If you 
studied Volume 1 of ISCS, you learned about energy and 
discovered that you could describe energy as either potential 
or kinetic. Lct*s see how a river^s kinetic (itiephanical) energy 
is ifsed to shape the midlands. 

You know that whejx an object falls, it loses potential 
energy. At the same linrc, it puHcSyUp speed and gains kinetic 
energy. The Avaier in a river that sfiarls high in the mountains 
goes through a similar process on ils way^lo the sea. 

□3-2, When does a river have high kinetic energy and when 
does it have high potential energy? 

Take a look at Figufe 3-4. The river at the lop of De Soto 
Falls in Alabama has kinetic energy of the sort just discussed. 
But it also has a great deal of potential energy because of 
its height— well above the base of the falls. As the water 
plunges over the falls, ils kinetic energy increases. 

At the same time, its potential energy decreases. Notice 
in Figure 3-5 that when the water reaches the bottom of the 
falls, it crashes into the rocks and slows down again. 



□3-3. Locate on a map; in Cluster A the source areas (areas 
where rivers begin) of the rivers that provide the kinetic 
energy to erode and shape the midlands. Why do they gen- 
erally begin in these locations? 
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The beginnings of a river 

Many rivers begin in the nu>untanis, sometimes from gla- 
ciers such as the one in i-igure 3-6. Notice the stream braid* 
ing its way from the ghicier. Notice alst) the kind of material 
through which the stream flows. 




Rivers that begin in the mountains usually flow downhill 
in a torrent^ The water in them is quite clear because the 
particles o|f rock being moved by the river are rather large. 
The laClTof jine sand and silt prevents the stream from being 
muddy. * 



Figure 3-6 



Figure 3-7 



^ MAKE SURE YOU KNOW ^ 
H0WT0U8ETHE 
STREAM TABLE 
BEFORE ^OlN6 ON 



FURTHER/ 




The stream table 

In order to study the work of nvcrs m the classriH)in, ii 
will be necessary for you lo use a sncani table. In order to 
^/Solve many of* the resource problems, you will have lo set 
up an ariiticial stream, using the table. 

One of the problems ii\ interpreting the natural landscape 
is that many important variables act at the sa^ne time. The 
stream table will allow you to control some of the important 
^variables that are uncontrollable in nature. I'or example, 
you'll be able to do stteh things as create a river, speed it 
up or slow it down, or make it flow through types ot^ material 
that you select, l^hese possibilities can- help greatly in de- 
ciding how real rivers behave. 

The standard setup is similar for all stream-table experi- 
ments, lake a careful look at Figure 3-8 and notice the parts 
that are used. 
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Catch' 
Bucket 
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The stream lable is a flat trough containing a sand-silt 
mixture that can be formed into various shapes. Water enters 
-one end of- the trough through a supply hose from an ele- 
■•-"vated bucket, flows across the sand, and leaves the other end 
through an exit hose into a second bucket. The flow of water 
■ into and out of the trough can be controlled by opening and. 
....... closing screw clamps. The slope of the trough can be changed 



by inovjiig ti ^uppou ^5ucli a brick ui a \vi)udcn block) 
back and forth. 

♦ Here IS a list of the variables yuur stream table will let 
you control for experiments. Set up a stream table and study 
them. 

1. Rate of flow in a stream 

2. Rate of flow leaving a lake 

3. Making a reservoir* 

4. Slope of the-stream 

" ^ •* 

i. To Control the Rate of Flow from the Supply Bucket 

Most of the ^eam-table experiments call tor you to adjust 
the rate of flow of water into the reservoir to a certain num~ 
bcr of milliliters per second. Doing this is ejisy. You simply 
timcTio^ long it takes (lo seconds) for the supply hose to 
fill a 100-millihter bcaJcer. You can then calculate the rate 
of flow like this (the example assumes that it takes five sec- 
onds to fill the beaker): 



100 ml ^volume o f water) 
' 5 sec (time) • ^ 



20 ml/sec (rate of flow) 



^7 



ACTIVITY 3-1. Set up the stream tat>fe and pour water into 
the tupiiily bucket. To reduce the rate of flow, tighten the 
•crew clamp. Opening the clamp Increases the flow. Adjust 
the ciamp so that you get a rate of flow of 10 ml/second. 
(Note: The rate of flow values givbn in the resources are 
approximate and can l>e varied up or down by 2 ml/second. 
Thus, any rate from 8 mK/seconU to 12 ml/second will do for 
a rate of 10 mi/second.) 

^' ■ ■ ^ ^ - 

When you are surt that you have a flow of approximately 
10 ml per second, change the flow to 5 ml per second. 

You, must keep water in the supply bucket at all times. 
To help you do this, an extra bucket has been>supplied. 
When you see the supply bucket becoming empty, replace^ 
the ftiU catch bucket with the extra bucket^nd* transfer the 
water to the supply bucket. You will probably have to do 
this every 5 minutes or so, . 

Caujiion Watch the catch bucket) Don't IctUt tnh'rjlow! 
.. -J ' « 

■ \ ^ n. ^ . - . . 
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2. to Control the Flow of Water {.eavtnv, the Stream lahlc 

Sonic resources ask you to form a lake at the bottom of 
the stream tabic. You can control the formation and depth 
of such a lake by adjusting the screw damp on (he exit hose. 
11" you change the amount of water entering the stream table, 
the lake level will also change unless you readjust the exit- 
hose screw clamp. 

ACTIVITY 3-2, With the water flowing at 5 ml/8ec, adjust the 
exit hose to cause a lake to form. 

Sand - 



Screw 
clamp 




Screw 
ctainp 



3. To Make a \eservoir 



Some activities call for a reservoir at the upper end of the 
stream table. This is used to observe the ctlect of a wide, 
thin sheet of water. In general, a shallow reservoir molded 
near the top of the stream table will serve- the purpose. How- 
ever, you may wish to mold a larger dam when your activities 
call for a thick layer of sand and silt. Pile up the sand and 
silt with your hands or use a small board. Figure 3-9 shows 
where and how to do this. 
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4. Ta Adjust the Slope of the Table 

* 

Most resources call for you to raise the upp^r end of the 
stream table a ceijain number of centimeters above the table. 
To xte this, simplf slip a support under the stream table. 
Then move it back and forth to get the appropriate height. 



'4 



Figure 3-9 
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1. Watch the catch bucket. You must keep your eye on 
the catch bucket to keep it from overflowing. You can 
avoid the problem in some activities by pouring less 
than a full bucket of water into the supply system to 
start with/Any time you use more than one full bucket 
of w^ter, you will need a third bucket to trade positions 
with the catch bucket before it's too late. 

2, Be sure that the water-supply pail is set on a box or 
other support about 30 cm above the table. 
Keep the supply hose and clamp attached at all times 
to control the water flow. 

Do not reniove the sanZ-silt 'mixture from the stream 
table when you finish an experiment. The next person 
using the table will need the same material. 
Th| stream table isn't a perfect model You »will not 
get exactly the same eflfects that a real river would 
produce. Remember that the particle sizes ycHi use are 
very much out of proportion td the volume of water 
flowing through a real stream. ' 



3. 
'4, 



THINGS TO 
WATCH FOR 
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The river at work 

I-igiue 3-10 slums two aitlcrciit views of a river. In the 
picture on the right, the water is flowing swiftly. anU there 
arc many rapids in the stream channel. In the picture on 
the left, ihe river is sluggish, with no rapids, aod the sur- 
rounding land is very Hat. 



Figure 3-10 




□ 3-4. What factors cause rivers to How swiftly, to slow 
down, and to carry away rock and soil? 

When a stream reaches the foot of a mountain, it may 
suddenly spill out onto the valley floor, as shown in Figure 
3-11. There it widens and slows down. 



loT example. loi)k at l igure 3-12. which shi>ws two s,nall 
streams. Note the great width of the stream shown on the 
Iclt. I hen compare this fast-moving stream with the one on 
the right. Note the deposits that fan out on the valiev floor. 



3 
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□3-5. Why do deposits occur at the floor of the valley as 
in lugure 3-12 (right)? Li.st scleral variables that alfect the 
deposition .and explain your an.swer in terms of the change 
ol the water's potential into Jcinctic energy. 



Figure 3-12 




^pecial erosion features of rivers 

Up to this point in this chapter you have investigated some 
of the factors that control rivers that erode the midlands. In 
• thii section you will be studying some of the special features 
of the landscapes that are due to erosion by rivers. 

To study these features, we are going to ask you to make 
predictions about specific features and events before check- 
ing the resources. Here's how it works. You will find descrip- 
tions of several numbered fettures^^along with two or more 
photographs or diagrams. In addition you will |ind a specific 
statement asking you to make a prediction. Rea* carefully 
through the descriptions and examine the figures. Then select 
one that you would like to investigate. 



146 
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^ prediction comcriun^ one of the features and 

T enter U in Table 3- 1 ol your Record Hook. Test yiu.r predic- 
tion by consulting (Muster I) of tlie resources. If you are 
uiterested. go back and make piedictions about the remain- 
ing features. 



Table 3-1 




Feature I: Waterfalls 



Figure 3-13 



l-'ipuro ^-n shows two views of Nia^nna 1 alls in Now Yoik 
.Slulc. I h»: u>|) ol' ihcsc Talks in a Jlai piam wuh gently loliiiig 
hills. Actually, the plain" fcsis about 175 meters (570 feet) 
iibovc sea level. The falls are more than 50 meters (167 feet) 
high, l-ach year the falls cut back into the plain about lA 
meters (5 feet). During the last thousaiul years, the brink 
of the falls has moved more than 1,200 meters (4,000 feet). 
This has resulted lu the long canyon that the falls crash into 
today. 




Figure 3-1 4a 

\ ^ 

Another good example of the cutting back of the brink 
of a waterfall is the famous Grand Cai^yon of the Yellow- 
stone River in Wyoming (Figure 3- 14b). In fact, several brinks 
in the river are being cut back at the same time as the \vater 
falls to one l^vel, and then to another level, and so on. Here 
there is a sequence of waterfalls, not a single-level waterfall 
as there is at Niagara. (The same section of the Yellowstone 
River that appears in the photograph is shown in Figure 
3.14a.) 




Figure 3-1 4b 
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I'li'diction I 



Avsuimnj. that a d.flccncv in rock hardness is .csnonsiblc 
tor the locaiion ol bv.th watcMall.s, where in each limine (J-H 
and 3-14) do you prcJu t the hjyer or layers of hard rock 
are ocated? Make .simple .sketches of each figure and label 
the locations. 





Figure 3-1 5b 
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Feature 2: Gullies 

Figure 3-I5a is an aerial view, of a Hat hill (plateau) in 
South Dakota.vTfie dark, branchiike features are gullies The 
gulhes stand out because they are lined with plants that grow 
there because of the extra water. 

Prediction 2 ' 

From . looking at both t^^e picture and the drawing in 
Figure 3-15, what do you predict is (1) th6 direction that the 
water flo>ys in the gullies and (2) the direction that the gullies 
tend to grow and get larger? Make a sketch and label. 

Feature 3: Meanders ' , 

One of the most common ./eaiurcs of ;ilriNer is a^bend 
or a nieander. Figure ^3-16 shows a bend in the Mis- 
souri River near Medora, North Dakota 



7- 



Here ihc kinetic energy of the stream is being used to cut 
away at the bank of the stream rather than to cut down 
through the rocks. 

Figure 3*1 



Figure 3-16 



Figure 3-1 7b 
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I he Apalachicola River in northwestern I-Iorida is another 
good example of a river's doing work other than downculting 
into rocks. An aerial photograph of part of this river is shown 
in Figure 3- 17a. The water in the photograph Hows toward 
the bottom of the page. 



Figure 3-18 
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Figure 3-18 shows a Montana river mejandering down a 
gently sloping valley. Notice that the pattern of trees suggests 
that the river bends have swung from the far side to the near 
side of the valley. 

Prediction 3 

If the black arrow in Figure 3-17 points to deposits ol sand, 
predict^here other similar depo.sits of sand would be found, 
and whether the water at that point will be flowing faster, 
or slower, than at point A directly across the stream from 
the arrow. What do you predict will happen to the land m 
Figure 3-18 that the arrow is pointing at? 

Other forces that shape the midlands 

It is obvious that water has a good deal to do with shaping 
the landscape. Water is important both as a means of adding 
land in some places and as a means of wearing away land 
elsewhere, Bi^t other forces are also important in forming 
thcL midlands. Let's look at some of these. 

Tht two phot9gr^phs in Figure 3-19 were taken seven 
years apart. Wind caused the motion of the sand dune that 
you see. 




I 13-7. Based on evidence in the pholograplu in what direc- Figure 3-19 
tioii do you think the sand has moved? Which photograph 
(let'l or right) was taken tirsl? - 

tf 

Cofh tusion 

In this chapter you have been primarily concerned with 
the princess i)f erosion as it alVects the niidUmds. l-igure 3-20 
is the same diagram you saw on the first page of this chapter. 
It you\e done your work welh you should be able to describe 
and interpret the features as shown* You should also be able 
to make predictions about the area and what it might look 
like in the future. 




Figure 3-20 ^ , 

Befor^oing on, do Self-Evaluation 3 In your Record Book.* Cli '>n:f^ 3 11^ 




CLUSTER A Average Annual 

(Resources 24-26) • -a 

Precipitation in 
the United States 
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River Systems Map of 
the United States 




2G Elevation Map of 
\ the United States 




Elevation 



(in meters) 

i { 3050 - 5000 
i I 1525 - 3049 
1 I 610-1524 
1 i 305 - 609 - 
I I 0-304 
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Variables Affecting 
Rate of Stream Flow 



CLUSTER B 

(fUjsources 27-30) 



Rivers and stioainsVan be la^iuji tontMits di sIow-ihov lug 
trickles. In this resource, \yill irv to clctcnmnc what 
variahll-s atlect the sp>ecil at which water lU»ws.^>oii \vill alst) 
investigate whether o\ not tlie speed at which'ii iiver tUnvs 
is the same frt>in hank \o hank. Tt) dt) the e.xpeiinientb, sow 
will need a partner and tliis cc{.uipnient: 



1 strwMin trougli 
I dropper 
1 wax pencil * 
1 water-supply system 
lor the stream trough 



l\K)d ci>loring 
Supply of gravel 
Modeling clay , 
3()-cm ruler 



ACTIVITY 1. With a wax pencil, mark a starting line 8 cm from 
the uppePend of the trough. Elevate the upper end of the 
trough 4 cm. " « 



V. 

1.1 
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ACTIVITY 2. Set up the water supply system as shown. Adjust 
the water flow into the trough to 10 ml/sec. Be sure to keep 
the siipiily bucket «^ least half full of water at all times. Do 
not let the catch bucltet overflow! 



\ 



ACTIVITY 3. Add a drop of food coloring to tha water aa it 
flowa past tha atarting Una. Ttmla how long It takaa the dye 
to reach the end of the' trough. Calculate the apeed in cent!- 
metera per aacond, and record your data under Trial 1 in 
Table i of your Record Book. 




Table 1 


Slope 
(in cm) 


Rale of Flow 
into Trough 
(in ml/sec) 


Trough 
Bed 


Speed 
(in cm/sec) 


Trial 1 


4 


10 


NornKil 




Trial 2 


8 • 




Normal 




Trial 3 


12 


10 


Normal 




Trial 4 


4 


20 


Normal 




Triads 

i : 


4 


10 


GravcN 
covered 





^ Next, you will carefully and regularly cluuige the slope 

of the trough, the amount of water llowing through the 
trough, and the bed over which the water flows- You will, 
then decide whether or not changing these variables atlccts 
the rate of flow down the trou}»h. 
* Set up and carry out Trials 2 through 5 as described in 

Table 1. Measure the rate of flow ilown the trough for each 
122 RESpUf^Cc 27 trial and ei^ter j^our riesulls in the^able. Notice th^t increasing 




the mU* of" \]o\\ has the elleil of' mvUMsni!' ihc \ohiine of 
water ui the trough. Ni>tc also that I rial > calls lor you to 
spread a layer of gravel along the stream bed. 

If you did eareful works you found ihat increased slope, 
increased volume of water, and a snu)oth bed all cause the 
water to Ilow taster down the trough. These factors mfluence 
the rate ol' flow of water in natural streams, too. Rivers flow 
faster on steep slopes, when swollen bv rains or melting snow 
at certain seasons of the year, or when flowing through beds 
with few obstacles. 

One of the questions posed at the beginning of this re- 
source is whether or not the rate of flow in rivers is the same 
from bank to bank. You and your partner can use the tri)ugh 
youVe set up to answer this question, too. To do this, set 
up the apparatus as described in Activities 1 and 2. 'Ilien 
add a drop of tbod coloring and watch it closely as it moves 
down the trough. 1 ry to decide which shape in I-'igurc 1 most 
closely resembles the front edge of ^ drop. 





Figure 1 



You probably found that the front edge of the drop looked 
..mo*;t like A above. This tells you that the stream was flowing 
lasterin the center, and slower along the sides, of the trough. 
Natural rivers and streams flow this way, too. How do you 
explain this dirterenee. in speed from bank to bank? 

I I ■ X ' 138 



Particle-carrying 

Capacitjband Rate 
of Stream Flow 



ovv h,g a UKk can a stu-a.H canv alo,,," IK-ponds upon 
t K- stream, sou say" Suu: .. s p,vt.v oln ,ous thai tast-nun in. 
s rcan^s f,av. ^r.atcr knu-i.c cac^uy .nui. tiK-roKuc. can carr? 

.Jl^cr rocks. But the rate of How of streanvs ,s not con- 
stant they speed up and slow down manv tniics over then- 
curses. What happens to the nKUer.als be.n. carr.ed by a 

i'or these act.vaie.s. you u.ll need the loHovvnio niatenal.s: 

1 complete .streaiii-tahle setuj> 
1 powdered-inilk .solution 
. 1 dropper 



t?Z'h7l^^* 7, '""^ ^ bucket 

o fill he lake until water just leaves the outlet hose. Adjust 
the Inlet water flow to 3-5 ml7sec. 




Outlet- 
hose 



ACTIVITY 2 Add a drop of powdorod milk solution to tho 
water and note the places where the stream's rate of flow 
changes. Note also where particies of sand and silt are de- 
posited by the stream. 



Avid a diup ol 
powdtffed-milK solution 




ir you did \i>iir \Vi)rk wclK you shi)uki have (ouiul a rela- 
tionship boiwocn the nu'inbcr and si/c of^ saiul pariiclos 
drof^pcd b\ (he stroani and the chanao.s in the sticanrs rale 
of tlow. As the stream slows down (loses kinetie ener»^\ ). it 
drops pun of Its load; as it speeds up (gains kinclie eneri^yK 
it pieks up additional material. 

This general proeess Wi)rks in nature as well as on the 
Nireain table. lake a k>ok at I'igure 1. Can you predict at 
which points the stream is moving slowly and at which points 
it picks up speed? 



Figure 1 
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29 How Deep a Channel 
Cam a Stream Cut? 



This resource will help you find out if there is any limit to 
how deep a channel a nvcrcan cut. \ ou will need a partner 
and a eompleie stream-table setup. 

ACTIVITY 1. Arrange the sand mixture on the stream table 
as shown. Be sure to give the proper slope to the sand. Notice 
that the stream table Itself Is level and that the lake level 
comes up to the edge of the sand. Adjust the water flow Into 
the reservoir to 5 ml/sec. Notice how deeply the stream cuts 
into the sand. 




When the stream stops cutting, compare the depth of the 
^ully with the level of the surface of the lake. You should 
Imd that theyare approximately the same. A stream cannot 
cut a gully, canyon, or valley who.se bottom is lower than 
the .surface of the lake (or sea) into which it flows. You can 
■see this more clearly by changing the slope of the .saiid in 
your stream table. 

..Repeat Activity 1. uitii the reservoir end of the stream 
table. rai.scd one centimeter. Notice what clfcct changii>g the 
slope has upon, how dec*p a chalmel is cut. Notice al.so that 
the stream sti'll cuts only to the level of the surface of .ih,- 
hike. \. 



J it 



■1 




I'ho pniKiplc that a sttoatn cuts to tlic level t)f' the hiulv 
<'f \\atei Miio whuli it lK>us .ipplu-s m n.iiiiie .is well .is I'H 
the stream table, lake a look at l-igutes 1 atul 2. How do 
sou accouiii for the Jitleieiice in how deeply these two rivers 
have cut.* 



Figure 1 
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Figure 2 
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30 Effects of Obstacles 
upon Direction of 
Stream Flow 

\ 

In this resoukc, you will study photographs of rivers llowing 
through several kinds of materials. Yi)ur problem will be to 
note and try to explain any changes in a river's course as 
a result of obstacles it encounters. 

I-irst, take a look at I-igure 1. Notice that the river is 

'flowing through an area of large rocks. As the river Hows 
around some of the rocks (I'igure 2), it is broken up into 

'a scries of small streams. (This is called Imudin^.) 




Figure 1 




( 



( 



Figure 2 
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Take another look at Figure 2. Notice that the boulders 
that iiaused the braiding arc located at the point where the 
mountain begins to level olf. These rcKks were very likely 
carried down from the mountain by the stream. They were 
dropped where they are because the stream lost speed (ki- 
netic ehergy) as it hit the bottom of the slope. It is at points 
like this that one most often linds braiding of streams. 

The river in Figure 3 is braided, too. What caused the 
splitting this time? 



Figure 3 
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31 Alluvial Fan 
Formation 



Sometimes stone, gravel, and silt washing down a steep slope 
vform a fan-shaped deposit at the bi\se of a hill. Such deposits 
are called uUuvial fans. Figure 1 shows several alluvial fans 
in Death Valley. 

\ln this resource, you will have a chance to investigate for 
yourself how and why alluvial fans form. To do it, you will 
need a partiner and a complete stream-table setup. 



CLUSieR c 
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Figure 1 v • ^ • 

: / t 

ACTIVITY 1. Set up the stream table 9s shown. Adjust the 
^ rate of flow into the reservoir to 5 ml/sec. Allow the water 
to flow for several minutes. Observe what happens. 




Did you get an alluviaHan to form? Once you have suc- 
ceeded in getting an alluvi^^/Rin to form, you are on your 
own. Vary the procedure outlined in Activity 1 in anyway ^ 
RESOURCE 31 that you like. Keep in mind that you are trying to learn the 



^rt^ilions present when alluvial Cans i'onw. Here are sDUie 
variables you** may want u> experiment with. 

1. Amount of water flowing down the hill 

2. lAH>seness of the materials over whieh the water Hows 




. Figure 2 



' Figure 2 shows some while areas in addition to the alluvial 
tans. The water that brought down the material that formed. ) 
the fan earried dissolved materials with it as well. In a dry ^ 
area like Death Valley, water evaporates very quickly, leav- 
ing^ the dissolved material behind. The wlyite material in 
Figure 2 is mostly salt. 

* - ♦ * • 

32 Delta Formation and 
Changes in Sea Level 

Soil, sand, and gravel dropped at the mouths of rivers build 
up^into fan-shaped deposits called deltc^. The one at the 
mouth of the Nile grew slowly over thousands of years» but 



you can make a simuhitcd delta in a tew ininute.s. 

(iet the complete stream-table setup and a knile lor shap- 
nr^the sand. 'I"hen do the Ibllowing activity. 

Important Note: I he stream-table activity is an attempt ti) 
, reproduce natural conditions as clo.sely as'pt^i^iblc, but it is 
j ' important lo. remember that it is not a natural stream. 

J i'he si/e of particles in relation to the si/c ol' the stream and 

to the rate of llow is not the .same as in nature. Neither is 
the time. . 

ACTIVITY 1. Set up your stream table as shown. Adjust the 
rate of flow Into the reservoir to 5 ml/sec. Allow the water 
to flow for about 10 minutes. 

Carefully watch the buildup of the delta and note what 
happens to particles of different sizes. Leave the delta in 
place for the next experiment. 




Clamp 
open 



Where arc the finer particles deposited? Compared with 
the coarse sand grains, are they closer to or farther from the 
shoreline? 

What you have just .seen in the stream table is very much 
like what happens at the mouth of a large river. .As the river 
4 Hows into a sea or lake, it slows down, and its ability to carry 
sediments (particles) is reduced. As a result, its load is 
dropped, and a delta is gradually built up from the deposited 
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There is much evidence ihat the level ol the seas has 
changed many iimcS m the past. If the land were to sink 
a little or the sea level were to rise a little, then the pi)sitit)n 
of the shoreline cquld move some distance, f-or example. 
Figures 1 and 2 show how the shoreline has moved on 
Florida's Gulf Cgast. (1-igure 1 is an aerial pliotograph, and 
Fig.ure 2 is a diagram to help you understand the photo- 
graph.) T 



Figure 1 
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You can use the stream tabic to model the etlect of the 
changing sea level upm^ deposition of materials. 

ACTIVITY 2, With the delta from the previous experiment still 
in place, carefully raise the take ievel as shown. Without 
disturbing the delta yoii formed, replace the sand-silt mixture 
at the top of the table and allow the water to run for another 
10 minutes. The rate of flow should once again be 5 ml/sec. 
Notice how th0.sand is deposited this time. 




Clamp 
closed 



134. RESOUPCE 32 



You should sec a new delta forming on top of part of the 
original one. When you see the second delta forming clearly, 
try simulating flood periods by pouring a baby-food jar of, 
water quickly into the reservoir every half minute. Mov^ the 
jar as you pour to stir up the silt. After about 10 minute's, 
•stop the water flow and completely drain the stream table. 

You should now have two deltas, one overlapping the 
other, as shown in Figure 3. 

. You hav^observcd that deposition-of sediment in a delta 
sorts out the size of the grains. And you should realize that 
a combination of rate of the stream flow and- dcepnc$s of 
the water determines where the partidies deposit. This double 
delta eftect— the position of one delta on top ol" another— 
occurs ^hen change of sea level takes place for some reason ' 
(by melting of conlinental.glaciers, for example).' 



Coarse 
grains 



Fine 
grains 

* 



PU8t 



Wg^ 



oarsa ^ 
grains 



grains ^.••.'i;^' 




4 Ptesont 
Shoreline 



Figure 3 



33 Waterfalls and 
Rock Hardness 



CLUSTER D 

(Resources ^3-36) 



This resource deals with tt^e interaction of waterfalls and the 
crust of the earth. You will ledrn how the hardness of the 
rock and its structure affect the shape of the falls. 

Figure 1 shows a waterfall in Indiana that is tumbling over 
a ledge of rock. Can you guess how the hardness of the rock 
at the top of the waterfall differs from the hardness of the 
rock at the bottom? 

With your stream table, you can -test thjc effect of relative 
hardness and work out a model for the process taking place. 
To do the activities that .follow, you will need a partner and 
the following materials: . 

• 1 complete stream-table setup 
2 sheets of plaster^ about 0.3 cm* thick by 5* cm wide by 
10 cm long . 
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ACTIVITY 1. Set up the stream table and sand mixture as 
shown. Make a layer of sand-sllt mixture about 3 cm deep 
Place two sheets of thin plaster on the layer as shown 



2 8h«.t«ofp|,rt»r. 
on«ontopoflh«otl»»r 




ACTIVITY 2. Now cover th« platter with a layar of aand, and 
maka a slight valiay so tiiatilia ttraam wiii fiow over tlie top 
of ttia buriad platt«r. Start me water flowing. 



Platter 
sheets 



M»» •« • •••• aMM^B^aS * « • • • rfW 

^ * - * • * a 



ACTiViTY 3. Adjuat the water flow Into the reservoir to 5 
mi/aec. Let the water run down the valley until it has eroded 
enough to uncover the piaster. Allow erosion to^ontinue for 
about 5 minutes after the plaster Is uncovered. 





The plaster represents layers of harder sediment or per- 
haps a lava flow between sediments. The sand-silt mixture 
represents softer rock above and below 'the harder rock. 
When the plaster becomes exposed, what happens to .the rate 
of erosion upstream and downstream from it? 

' Now take a look at Figures 2, 3, and 4. These drawings 
show two possible eff'ects of water flowing over falls like the 
> * . ' • ' 

■ " ■ •• •( 
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one you just looked at. Try to decide logically, on the basis 
of what you've seen, which set best represents what is goina 
on in Figure 1. 
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Waterfalls are common landscape features where water 
flows rapidly over a hard rock ledge. When the ledge rests 
on softer rock, the water wiU ero(fe the softer rock faster than 
the top layer, resulting in a sharp edge to the falls as shown 
m Figure 2. Notice the pothole (deep pool) forming at the 
-base of the falls and the flat chunks of rock that have broken 
off into it. 



.ft 

J 
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la I'l^LUo 3. the rock hctioath the top layers is haidor tliaii 
that in the.Mrcam bed. The top layers, ihcreforc. erode more 
quickly, making the edge more rounded. Notice that no 
pothole is tbrnied. 

In l-igure 4. all the rock is made of t>ne type of hard 
material, and the falls cut back slowly. No poiholc is formed, 
and the shaj>e of the falls changes very little as the river 
erodes away the rock. 

If you've done the resource on distingui.shing rock types. 
YOU may be able to guess which rock types are shown and 
discussed above. Which \io you think is igneous, meta- 
morphic. and sedimentary? 



u 



34 Gullying andy Erosion 
of a Plateau 



In this resource, you will study what happefis when water^ 
runs oir a tlat-topped hill. To do the activities, you will need 
a complete streanirtablc setup and the help of apartner. 



ACTIVITY 1. Set up your apparatus as shown. Be sure that 
the flat-topped hill of sand Is at least 5 cm high. 




E 




> 
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ACTIVITY 2. Adjust the rat© of water flow to less than 3 
ml/tec. Move the hose back and forth as the water falls on 
the hill. Notice what happens to the sand as the water runs 
off the hill. Try to decide why gullies begin to form and how 
they become longer. 





Figure'^ 1 shows the effects of water running off a hill of 
fairly loose •material. At 'one time, the area probably con- 
tained only a single gully. As water flowed into the main 




gully from the sides, the branches you see ui the photograph 
forraed. * 

Notice also that waterfalls have been formed al the tops, 
of some of the gvUics. Du^ng rainstorms, the water that 
pours over these falls gra^lually erodes away the Ifip of the 
gully. In this way, guilies become longer and longer. Thih 
prwess is known as hcudward erosion. 

What*s the difference between a gully and a canyon? Will 
the area in Figure 1 ever be a c^yon? If you would like 
to know mbre about this, do the next resource. 



35 Gullies and Canyons 
A Comparison 



Look at Figures 1 and 2. Although the small gully in Figure 
2 doesn*t look much like the Grand Canyon shown in Figure 
1, there is A lot of similarity in the way they were formed. 
This resourQp will help you understand the differences be- 
tween gullies and canyons. ^ 




\ 




Figure 2 
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iShuracierisUcs of Canvons 

1. The land being carved 
IS ujviially hard rock ihal 
IS quite resistant and 
breaks up into loose 
material very slowly, 

2. Canyons usually form in 
a relatively dry climate. 
This means that very little 
water runs into the canyon 
from the sides, 

^. The stream doing the 
-carving of canyons usually 
originates in a much 
higher area. 

4. Because the stream 
comes from a higher source, 
it moves through a canyon 
very rapidly. 

5. The fast-moving stream 
in a canyon carries a large 
load of rocks. These rocks 
help to cause further 
erosion. 



( luiriU'icnsiics of (iullws 

) ■ 

l-oo^e materials from 
the sides ol' gullies wash 
easily into the stream at 
the base of a gully, 

2. Rainfall is common 
'where gullies form, 

3. Runolf water from the 
surrounding land tumbles 
over the sides of the main 
gully and forms many 
branches. 

4. Water Hows through a 
gully at varying rates. 
The' gully deepens most 
rapidly where the slope 
is steepest, 

5. The load carried by the 
streams in gullies some- 
times moves rapidly, but 
the particles are usually 
rather small. 
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Taken as a whole, the characteristics of canyons tend to 
result in steep/ almost vertical walls, while those of gullies 
produce gentle slopes. This is the most important difference 
between gullies and canyons. 



36 Action of Water 
Moving in a 
Curved Patli 

Most of the other resources deal with water flowing in a 
straight line. In nature, however, most rivers move through 
quite a number of curves. Does anything special happen to 
water that moves in a curved path? If so, does this produce 
any important ettecls at points like river bends? These are 
questions you will tackle in this resource. To answer them, 
you and a partner need these materials: 

1 complete stream-table setup * 
1 paper disk, 6 cm in diameter 
1 teaspoon white sand 
1 beaker 

First, get some water moving in a curved path and look at 
it- ^ . < 




ACTIVITY 1. Place 1 teaspoon »and In a beaker three-fourths 
full of water. Stir the water until It swirls around In the beaker. 
Observe what happens to the sand. 
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You may have been surprised to find that the sand in the 
swirling water piled up in the center of the beaker. Why did 
this happen? A simple experiment can help you decide. 

\ 

ACTIVITY 2. Mark th« paper disk as shown. Push a^'pencil 
through the center of the disk and, holding the pencil between 
your palms, spin the disk slowly. Notice which letter moves 
fastest. 

The water moving around near the outside of the beaker 
clearly traveled a greater distance in the same time than did 
the water near the center. Described another way, the water 
near the edge traveled at a greater speed (or velocity) than 
did the water in the center. 

The slower water moves, the more likely it is to drop 
whatever load it is carrying. This fact is very important as 
water moves in a curved path. The next activity will allow 
you to learn still more about this. 



ACTIVITY 3. Arrange the'Sfto^n the stream table as shown. 
Be sure that the sand Is wet, piled deeply enough, and con- 
toured according to the i(ketch. 



/ 
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ACTIVITy 4. Trace a path with your Hnger as ahown. The path 
should be cut almost to the bottom of the sand (about 2 ! cm 
deep). Adjust the flow ofwater Into the reservoir to about 5 
m /sec, and allow the water to flow down the path for 20 
minutes. Then turn off the water, but leave the sand in place 
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Now ta^e a look at Figure 1. which shows the Apalachicola 

' u J!"?"^^ ^""^ ^^S"'^ 2' asmall stream 

in North Dakota. Notice that sand is depoiiitelok the inner 
parts of each nver bend, where the water moves slowest On 
the outer pirt of the curve, the water moves fast enough to 
keep the sand from falling out In fact, the water erodes the 
outer bank away as it rounds the comer. 



Figure 1 



Figure 2 



l-igurc 3 diagrams what a river docs to the outer bank 
of a river bend. Notice that the water, along with the rocks 
and sand it carries, is thrown against the outt-r bank. This 
produces an undercutting of the bank and causes the nm 
of the bank to overhang more and more, f-inally the rim 
collapses, becoming part of the load that will act on banks 
farther downstream. 
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Figure 3 
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Notice that the cutting and deposition at the bends caused 
the stream to swing wider and widen This is what happens 
in nature with fairly slow-moving rivers. But sometimes, 
during periods of heavy rain, these same rivers become 
flooded, and their rate of How increases. You can duplicate 
this effect by increasing the rate of flow of water into il)e 
stream-iable reservoir to 15 ml/sec. Notice what ejfect this 
has upon the meanders in the .stream bed. 

The big point sffown by the activities youVe just done is 
that a river can cut a Valley much wider than itself. It does 
this by meandering slowly in its course. This action is sum- 
marized in the series of sketches in Figure 4. 




A. River meanders within valley walls. 



' B. Position of river bed constantly changes. 




C. Valley walls widen as meander bend cuts Into 
the valley walls.picking up rocks and soli, and 
depositing them along thQ valley floor. 



D. Dotted lines show c|cl river path. This oxbow 
lake was formed when the river shortened its 
path downhill. 

Wide 




The valley contirtues to widen as the meander 
moves to the opposite side of the valley 



F. Notice how much wider and shallower the 
valley has becortie because of tfte river carving 
away the valley walls, 
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37 Dunes on the Move 



Behfnd many beaches ami on many island desert plains, 
there are great piles ol'sand called dunes. St. (leorge's Island, 
in the Gulf of Mexico, has many sand dunes. One of these 
dunes is shown in Figure 1. You can see the Gulf in the 
distance, beyond the dune. 
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TIgure 1 
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Predict how the pattern of markings was produced on the 
face of the dune. You can check your prediction by finding 
a. partner to help you with this activity. Yoii will need: 

Cardboard box (size of shoe box), with one end removed ^ 
Handful of sand 
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ACTIVITY 1. Build a small sand dune near the open en4 of . 
your bo^(. Put your mouth level with the bottom of the box. 
and blow gently but steadily. Move your head from side to ' 
side to distribute the wind evenly across the pile of sand. - 
Take turns with your partner until the sand pile moves about 
,10 cm (4 in). 



Pile 

of sand 





About 8" away, 
blow gently «nd steadily, 




\ 



What happcns-to the sand on the side of the pik lacing 
you? What happens on the other side? . . 

* ■ ■ . • 



Wind direction 



Sand blows up^ ' 
• a g^nxie slope. 



.Jk '— ^ "tS^ — -v/ Sand falls down 
. r<' • • ^"^^ '-"i^}^^^^^^ a steep slope. 



' Sheltered 
area * 



Dune moves 
forward. 




Figure 2 



, You have just simulated the action of the wind on beach 
or desert sand. In bothj)laces, the wind builds up piles of 
sand calle(f Jwrte.y. as shown in Figure 2. Dunes can be moved, 
considerable distances each year unless they encounter some 
obstacle that slows or stops their progre^, as in Figure 3. 
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Figure 3 



Figure 4 



□2. What agcni is prcvcniing the movcnicni of ihs^ sand 
dunc||^n Mgure 3? 

In nie simufaiion expcrimcni you carried out, you ob- 
served the sand grains rolling down (he far side of the dune. 
Imagine a period of weather with little Wind, foIK>wed by 
a period with strong wind, ti)llowed by another calm period, 
etc. Then look carefully at Figure 4, a close-Up of the dune 
you examined in I-*igure 3. 
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I J3. What do you sec at X. and what caused tins rcatim-7 

1 14, In what way docs tlic X Icaturc ditlcr from the structuiv 
of a sand deposit formed in water? (I lint: I)on*t guess think 
about the sinuUation experiment results and look hack to 
Resource 7.) 

Beddnig of this kind is called June hcMin^ and is one wav 
of deciding whether a sedimentary rock is wind-depositeil 
or water-deposited. 




Figure 5A 



[.]5. Which ligure (5A or 5B) represents dune bedding? 
What was the direction of the prevailing wind? 

In this resource, you have looked at wind transport ol' 
sand. Sand grains are blown along near the gi^td and in 
the process become angular an^ sharp. They TOwe up the 
face of dunes and fall down the other side. In this way, a 
dune, may move long distances over a period of years. A new 
dune starts behind it, and .soon a parallel set of dunes is 
marching aciixss a land.scape. Dunes bury objects in their 
^path^nd may\kill vcget;«ion. If th? vegetation ^-an grow thick 
and tall enough not to be buried, it may eventually hold the 
sand and stop it from ihoving. 



Figure, 5B 




ERIC 



The Shorelands 
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If youVo never tasted a peach, you can hardly imagine its 
Havor, l-ortunately» the same problem doe^n^t exist wtth iaiui 
features. The stuc^t who lives in an interior state like Iowa 
may still have a good idea of what the shorelands of tho 
United States arc like even though he has never visited thom. 
In fact, he may have an even better ideajlhan a resident 
of a coastal region. The latter may sometimes think that all 
coastlines are like his own» forgetting how varied are th^f 
lands that border our major lakes, the Gulf of Mexico, and 
the Pacific and Atlantic oceans. Th^.'geologic features of the 
shorelands are different in different regions. 



Figure 4-1 




v?« 

... • t ■' ••;i.l: 



Sludy I'lgiirc 4-1 caicfully. Yi>u slu>uld ho able li> sec 
many ol' ihc rcatuics dI* ihc \hoiclaiuls sceti>i lhai vou liisi 
iu>tcii in l-ij»urc 1-4. Why is tins ci>asthno narunv aiui ii>ckv 
in some phiccs and wide and sandy in others? Whv arc sonic 
waves almost straight and others curved* and why do they 
break where ihev do? How did the coastline ^el to be tlie 
way it is, and what wilfit k>ok like in the futuic? 

/These arc not easy questu^ns lo answer. As Vi>u work 
-+hT(>ugh this chapter, you slu>uld tind that you can c.^'plain 
lu)w each feature of the slK)relands was formed. And you 
may even predict what may happen to it in the future. 

The force of waves 

Any surfer who lias **wiped out'' kiu>ws about the tremen- 
dous force of just a single wave, Chances are that he can't 
sec how this, same force chaiii^es the land. (Ver a period of 
time, however, ho would be able to see the important 
chajige^. I.ook at the following sequence of photograph.s 
-carefully, Then ani>wer questions 4-1 and 4-2, 

□ 4-1. Which occurred more rapidly, the change from I'ig- 
urc 4-2 to 4-3 or the change from b'igure 4-3 to 4-4? 

□4-2. Did. the same forces of erosion that brought about 
the change seen in Figure^ 4-3 cause the change seen ir 
Figure 4-4? FXplain, 
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., Were you able to guess what happened? 

Those pictures in Figures 4-2, 4-3, and" 4-4 were taken over 
a period of several years. The last picture was taken shortly' 
after Hurricane Betsy hit. (W the owner of the beach -cottage 
had read this chapter before he built the cottage, he might 
have chosen a ditferent location! Perhaps you will see why 
as you continue reading.) 

Waves against the beach 

Most changes along the seashore are not as apparent as 
those just shown, however. When you go to the beach, yeu 



Figure 4-3 



Figure 4-4 
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liiiuix' 4 s sliows a hca^Ii in Morula .lUmy, tlu- (iulfOf 
Mc\Kv>, l ii'.uic 4-<» siiuWN a Maine heath on the AilaiUic 
CoaM. NolKc some of ihc big djIlVicnccs in llicsc beaches. 
One IS sandy with a gradual .sU)pc. whereas the other is loekv 
with a steep drop-oil. Duiinj; the winter, the roeky beach 
IS battered by waves 10 to 1.'^ feet in height, whereas the 
sandy beach .seldom has waves more than 4 or S feet huih. 
If you were to dig down through the sand, you would lind 
that the sand layer is very thick-. If you tried to dig under 
the rock beach. yi)u'd probably bend your shovel! 

Kinetic energy from winds and storms far i)ut at sea is 
transferred to the water to produce waves. The energy is x 
carried toward this Ci)ast by wavcb. I he waves release tlicu 
energy when they reach siiallow water and break, l-nergy 
can be «-'i»^'d ti> the shore like this wherever there is a big 
expanse ol water subject tv) winij^ and stt>rms. 

You can investigate how this energy can aflect beaches by 
sinuilauon experiments (hat use the stream tables. Wi)rk with 
at le;u.t one /partner for this activity. 




ACTIVITY 4-1. Pile the mixture of sand and silt at one end 
of the stream table to make a sloping surface. Use a block 
to tilt the table. Then fill with water until the bottom edge of 
the sand is covered to a depth of about 3 cm. Put a few small 
pieces of gravel near the water's edge and cover them with 
sand. UoXe the relationship between the sand^siit mixture and ^ 
the water line. 



ACTIVITY 4-2. Produce storm waves by pressing down firmly 
on a piece of wood with the palm of your hand, as shown, 
once every 3 seconds. Keep this up for about 5 minutes and 
carefully observe the sand-'sllt mixture. Then let the water 
settle for a few minutes. (Keep the stream table set up and 
fio not alter the sand.) 



Wavu 
lioughs 



Push 
down 




Dunng slorins, hiuh-oncrgy waves reach ihe shoreline. 1 he 
action o? these waves on the 'Heach is similar to the etVect 
in youf streani-lable model. I hc clVect should look some- 
thing like what is shown hi I'iiiure 4-7. 



Figure 4-7 



Beach wilh 
rocks exposed 



Bench of sand 
builds up. 
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Thin layer of /ine sodimenl 
deposits in deep water 



Wave 
crests 
/ 




l\w su1>ni» \\a\os alKuk ihe lH\uh. slul'tiii;* llio saiul lUil 
to Nca lo loiin d hcnch Rocks aic exposed alon^r ilic shore, 
aiul most i>l" ihe \ei\ fine paitieles are carried out into deep 
water, where, in ealiner weather, ihey slowly drop to the 
hi)ttoin. \ 

Some sliorehnes (hal aie exposed lo hiuh-enerp- waves all 
the tune may not ha\e *iny sand.* Only smooth pebbles are 
lel't on sueh shoies. 

ACTIVITY 4-3. Continue your experiment, using tlie same 
stream table that was exposed to high*energy waves. Leave 
everything as it was. This time, however, push very gently so 
that you produce low-energy, gentle waves. Continue this for 
about 5 minutes, watching what happens when the waves 
reach shore. 



Push 
gently. 




□4-3. What ctVeet do the low-energy waves have on the 
beaeh? How is this diflerent from the high-enerjzy storm 
waves crashing into the beaeh? 

This lime, you should Jiave observed the slow building up 
of the beaeh on shore. In fael, ifyou.+vere patient enough 
to keep the gentle waves going for a long lime, you might 
have eovered up the gravel exposed during the storm. The 
waws will gradually shift the sand back from the underwater 
bench onto the beaeh. 

The *'Going, Going, Gone'' pictures in Figyrcs 4-2. 40, 
and 4-4 show what can happen to a beaeh when high-energy 
waves attack it. Storms increase the energy reaching the 



c-nciwy k-vcl. a.Kl bc.ui^ build up ...-.un. 'l cxcic of 
chanjic IS always goinJ?T)n uluTovor (he l.iiul moots a Ku-o 
body ol walor and whcro tlio .shoreline is suitablo lor bcaohos 
to develop. 

Waves against a steep shoreline 

Oeean waves can do a great deal ot work lo .shape and 
change coasthne.s and beaehes. Vou have |ust e.xpernnented 
with (he ellcct or waves on a relatively. low-ly,ng Shoreline 
l-igure 4-8 show.s waves approaching a «ocky coastline w.ih 
steep clills. 




• Fixture 4-8 



□4:4. What eireet.s do waves liavc on a coastline like the 
'one shown in Figure 4-8? 



When waves crack against a steep shoreline instead of on 
<i fairly wide and Hat beach, the ellecls on tlie landscape are 
quite dillorent. 1-igure 4-9 shows sonic features t>f a typical 
rt)cky coast. 

Ihe liijure shows an outcrop with two sea caves. Look 
carefully near the top of the caves and you should be able 
to .see evidence of the high-tide line. (Hint; Look for a color 
change.) 

The top of the cave is just above high-tide level. Outside 
tiie cave, the beach is steep ajuJj^rvcs back away from the 
rock t>utcropping in which th^lj^e is located. 

1 14-5. Based on your study of waves and their ctfecl on steep 
shorelines, what factors do you t%k affect the rate at which 
the cave in Figure 4-9 is carved out of rock? 

Ocean, waves— a better look 

If you look at I-'igure 4-10. you will see a .series of waves 
approaching a b^\ich. As the w-;ivcs get cioscr to shore, Ihey 
"break" and spread onto the beach. 
« 



Figure 4-9 




Figure 4-10 




Figure 4-11 



LJ4-6. Why do the waves break as they ^et closer to shore? 

You should have found that the ocean wave breaks be- 
cause the sea bottom, which slopes upward as you approach 
the shore, interferes with thc^Mrcular motion of the wave. 

Look back ;^ain at I'igure 4-10. The waves approachinj: 
the shore that you see in the photograph are entering a bay. 
On closer inspection, you ,sec^ lhai the wave front within the 
bay takes on a curved path. I-ijjure 4-11 shows the curved 
fronts approaching the shore. 



Straight 
wave front 



Curved path 
of waves 
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l arthcr out to sca» the wave fronts arc not curved, bul 
arc Niraight. 

^ 

I 14-7. I'nui i>ul whv tlic waves bend as ihev enter the ba\. 
as shown, m l'ij;ure 4-11. Also, what do voi| predict would 
happen tv) straight wax'es apjMoaehine a shoreline, as shown 
in F igure 4-1.?? Make a sketch »uk1 pencil fn yotu piedicuon. 
What would happen to waves appfoaching a shoreline at an 
angle, as shown m l igure 4-13? Make a sketch and pencil 
in your prediction. 



Sandy 
beach 
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Waves moving in direction of arrow 



Sandy 
beach 
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Figure 4-l4 



Figure 4-13 



Another ocje^h motion 



Figure 4- 14 shows two photographs of the same ship, docked 
at the same pier, at two dintrent times of the same. day. As 
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you can sec, the Icvd'ol' the water has changed draMically 
from one picture to tlie other. 



i 





Figure 
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04-8. Why docs the level of the ^'a change and what ellcct 
does a tidal change have on a coastline like that shown in 
4^'igure 4-14?. 

Interpreilhg a seacoast ^ ^ ^ 

' The ^^ombined etiect of ocean waves and tidal changes 
produce.^ e> great variety of seacoast landscapes. A shore of 
hard, resistant i^eous-^oek will dt^velop a ditVerent seaebast 
appearance than a*shore of sol\ sedimentary rock. Seacoasts 
that arc subjected to many storms will be eroded m\Stc rap- 
idly than those with fev? storni5>. * ; 

When a geologist tries to interpret, a landscape, he looks 
for evidence of the changes thai ha>^c Heen laking'place. He 
tries to figure out what caused them, just as you\e been 
doing. Figure 4-15 contains evidence of a change that tobk 
thousands of years ':to happen. Can you &poi the evidence? 



7,9 




Figure 4-15 

□4-9- Interpret (describe and explain) how you think this 

coastline got to be the way it is. Here are some clues to help 

you. Notice the rocky outcroppings in the foreground. Do 

they resemble tfie results of erosion youVe been studying? * 

What about the flat, gently sloping! area in the center of the 

picture? What area oX Figure 4-15 does it resemble? Examine 

I'igure 4-1,6, an artistes sketch of the samd area. ^ Figure 4-16 





Figure 4-17 



Figure 4-18 



Figure 4-17 shows a, view of a coastal feature tha1(J^ou luay 
never h;we seen from this angle before. This is an afrial shot 
of a deltaMf you were to see it from ground level, you would 
not be able tp describe its^iape unless you walked around 
the eciges as well as across it. Figure 4-18 shows a diagram 
of the same region. 
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Ocean 



Coastline 



This delta is buill up IVoni saiul and silt sediments. 1 lie 
plants on it obviously started grownig alter the sediments 
began to accumulate. Some o!* the larger trees are more tJian 
a hundred ycinrs old. Notice that in the right sijb of the photo 
the delta appears to have been growing taster and that a 
sandbar has formed. 

[J4-10, Where did the sand and silt that formed this delta, 
come fri)m and how have the v)cean tides, currents, and w-«<v 
action helped shape the delta? 

Ocean currents and wave action are at work alon^ all 
coasts. Somclimes the currents How parallel to the shore, and 
at other times they curve in or out. Usually they go in one 
general direction for months and months. Only occasionally 
do they change speed or direction. Waves, on the other hand, 
usually approach the shore at' an angle that changes as the 
wind changes. (Sometimes the wind blows out to sea!) 



Figure 4-19 



I he sjut siu)wn in I ij^iiie Ikis buili up w here the 

ocean eiiiieiUs aiul the wave action 411 e woikni^> (oj»elliei foi 
at least part of tlie year to deposit sand at the mouth ot* the 
liver, l^>th the ri\er and the iKvan eari> sednneuts. 



Figure 4-20 



Figure 4-21 



; 14-11. How arc wave dneetu>n and ocean cinrcnts rnvolved 
in the shaping ol* the spit shown in 1 i»;uie 4- IS)? 

Some livers do not form dchas 01 spiis where tiicv ehipty 
into (he sea, Kiveis hke the C oluinhia. the Delaware, the 
Si. Ji>hn, the St. Lawrence, and the ones that empty into 
('hcsapeake Hay have decpwaler channcLs (called iidal cmu- 
lines or /m/v/v. depeiKiing on where tl\^-y were formed). These 
channels may extend for many miles Ironf the sea inland. 
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I he luu bors shown in 1 igiircs and 4-21 aic examples 
of eaeh ivpe. l imine 4-20 is the tioid type, and I i^nre 4-21 ' 
IS the tidai type. 

Scientists have pii//led o\er how the^e harbors were 
tunned, but ihey have U>ealed some pieees of the- jni//le. 
I**or i>ne thing, the fiord type of deepwater channel is fbiiiid 
in nu>iintainous regions where t)iere is much evidence of " ^ 
ghiciatioii. 1 he wide. Hat channel bottom of llie fiord-lype 
!iarbi)r^is typical of valleys carved by glaciers. Using depth 
soundings and iK'rial photi>graphy, scientists have disci)vered 
that the more V-shaped harbors reveal a/iver valley pattern'-' 
and shape. The great continental glaciers that used to cover 
most of North America and luirope were melting and tlieir 
water was running into the i>ceans while these luirbors were 
developing. 

I 14-12. Using this evidence, describe a model to acci)UiU fi)r * ^:Slt'5t^8B^|q;2e«J 
the formation of the deep harbors shown in I 'igures 4-20 and ^ 
4-21. . ' 



Summary 

. A . / . ^ ' 

\ou\'c seen that many ditferent forties ivVc involved in the 
shaping i>f the .shorelands: II' youVe used your resources 
successfulfy, you sluuild be able ti) inter|^ret the features of 
rhe shorelands and to predict what iiiay happen to them in 
the future. The stretch Of shoreline shown in "Figure. 4-22 has 
uKuiy .i>f these features. How well X'^n you, interpret this 
shoreline 




V* 
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Figur* 4-23 




You can see that interpreting most of the landscapes of 
shorelands is not hard when you know the forces involved 
Look over Figure 4-23, You will' recognize this drawing as 
part of Figure M from Chapter U Can you identify the 
features of the shorelands and describe how they were 
formed? If you can, you should be able to visit a beach or 
lake near you and understand many of the processes that 
made them look the way tkty do today. 




Before going on, do Self-Evaluation 4 in your Recohl Book. 




38 Wave Action on 
Rocky Cliffs 



CLUSTER A 

(Resources 38--41) 



When wii^lcv crashes into rock, which is siron^cr, the water 
or the u>ck? Obviously, rock is stronger because it hardlv 
changes, while the water is sent tlying in all directions. Yet. 
over a long period of time, water can destroy cliHs. too. To 
sim!ihite the process, get a notchj^d block made of sand and 
plaster of pans, some mixed sand and silt, and a piece of 
wood, and set up a Stream table as sho^C^n below. Also, scatter 
^>me gravel on the sand. 



Sand and silt 



ACTIVITY r. Fill the stream table with water so that the middle 
notch in the Iffbck Is Just at water level. Now generate waves 
by pushing the piece of wood up and down every 5 seconds, 
so that the waves hit the face with the three notches. Keep 
the waves going for 10 minutes, carefuKy observing the 
face of the block to see which notch is most affected by the 
wave action. 



Figure 1 




Middle 
notch 




Figure 2 



re 3 
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l-roin ihcsc siinulalion cxpciunciils, you should have 
louDcl i)Ut that the ciomvc ctRvts i)f' the waves iKXUi m a 
nairow band just above sea level. At this level, lhe\ would 
produee undercuttiu*; i)n a elifl" taee. Softer roeks are more 
rapidly eroded than harder ones, ami eraeks allow the ero- 
sion U) proeced taster. If you could see the waves acting 
aj;ainst a clitr face over a period of time, vou would note 
(hat the face keeps moving back, and a wave-cut bench is 
left. 





Cliff 
"~ face 

Space 

^' Sea level 






Crack ^ 




\ 





Let's examine the efleei of eraeks at sea level a little fur- 
ther. I-igure 2 shows a erack at sea level. What does the spaee 
in the eraek eontain when there is no water washing into 
if.' 




. Water pushing 
IntocfiaQk 



^What happens at X in Figure 3 when a ,big wave washes 
'^to the crack, and what effect ^'oiild this have on the crack? 
Imagine this process continuing in the same crack for hun- 



drcds of years, ll is iu>l dillicult to sec that the suddcn"Cmn- 
.prcssu>n of the an when the water drives inti) the crack will 
help to make ihe crack bijiuer and longer. 

In your experinient^you may have seen little broken pieces 
i>f plaster tumbling down, riiese represent pebbles and 
boulders •bri>ken oil" in the real situation. Some i)f, these. 

would be small eni>ugh lor the waves lo pick up and thri)w ^ ) 

against the clill'. What ellect would tlris have oi\ the clilV and 
on the pebbles? " ^ 

In any coasilme regiiMi w here dit]' faces are raised against 
the sea, the kinetic energy i>f waves does Wi>rk. The clilf gets 
undercut at sea level by the abrasive action of sti)nes and 
the compression i>f air in cracks. Arches and caves develop. 
Then these ci>llapse as they are enlarged, leaving pinnacles 
of rock standing by themselves. 

The pebbles and boulders are ground into sand, which gets 
transported away to be depi)sitcd elsewhere as oll'shore 
benches or as beaches and sandbars. 

Now that the water in yi)ur stream table has settled down, 
take another good look at the nu)del you have produced. 

You should find that the Ci>arser sediment has formed a ^ 
bench in front of the clilf area. The Vi;ry thie material should 
be deposited in the deeper '"oll'shore" water. 





Cliff face - • 

Wave-cut notch- Sea 

level 








J ■ — ~ 

1 Bench of coarse ^ 
1 material 


* 


_ Bottom 0 
stream ti 


^ Deposit of ♦ 
fine silt 

kble ' « 
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39 Kinetic Energy 
and Waves 

'< 

Have you ever bven surling or watched surfing at the movies 
.or on television? A surfer on a board out beyi>nd the break- 
ing waves just bobs up and down in ahiiost the same spot, 
while a surfer in the breaking wave is pushed toward the 
shore, like the two pei)ple in Figure 1. 






Figure 1 
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The surfers in Figure I 'have "gained kinetic energy as they 
moved toward the shore: Why doesn't a sUifer beyond the 
breaking wave have the same Icinetic; energy? 

'What causes the. waves to break when they reach shallow 
water?* ^ 

.One model of wave action states that water particles in' 
the ftpper layers are rotating because of wind action. At the 
high point- of the wave (the crest), the -particles have rotated 

■ ■ '.. ' ■ 



up to their hIghe^t position. At the lowest point (the trough), 
the particles have rotated back down to their lowest position. 
A surfer is lifted and lowered by this rotational motion but 
is not carried to shore, as shown in I'igures 2 and 3. Although 
the energy obtained by thc1S?^lve from the wind is carried 
forward b^the wave, the pMicles of water rotate in a con- 
fined area. 




^ ' f Figure 2 



. Jf ihe water is deep, waves can travel without interference. * - ' 
But imagine what happens whenrwaves get close to shore. ^ 
'What causes waves to break when they reach shallow water? ^ " 

When the water is shallow enough to stop tne particles 
-from rotating, the wave breaks. The circular eijSrgy of the / 

waves is changed to forward motion of vvater particles, whifflh ' 

rush up the sloping %hore. The breaking wave pushes floating ^ . 
. objects ahead of it and picks up tons of sand as it rushes - ^' 

toward the beach. • • , • ^ 

This model of wave action is one explanatio^i>of how water . * 
. close to shf^ gets enough kinetic energy^tojform a breaking 

wave and thus can pick-up and carry sand iy^- the shore. ; ' RESOURCE v39 175 



A t0W S0cond9 Men 



All particles now 
at bottom of circle 



New posttton of crest 

All particles-ryw 
at top Of circle 



Surler lowered 
(no forward motion) 




Figure 3 



Wave shape breaks and the 
water gains kinetic energy 
toward shore. 
/ 



Wave shape moves toward shore? 




r^f^t 
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Sea bottom interferes 
with particle rotation 
and wave breaks* 



Figure 4 



Particles can rotate without interference'.:. 




-*^Water travel 



If the ocean is wide and a prevailing wind blows u\ one 
direction for most of the yeai\ as along the l^uific (\)asi, 
waves continually roll s!u)reward. These waves (called swrlLs) 
are usunlly large, reaching heights of U)» IS, and 20 feet. 
Some coastlines face sheltered wafer {Iffkc the (iulf of 
Mexico)— and he/e swells only develop after storms at sea. 
I he total energy supplied to that coiistline each year is not 
so great as the energy supplied to coastlines facing the Pacific 
i)r*the Atlantic Ocean. 



40 Peaches and tl^e 
Curving of Waves 




Figure 1 

When you stand oti a beach, do the waves always come at 
you- head on, 90! to the " beach watedine? Are all waves- - 
formed the same way? Take a careful jook at Figure 1, wjiich* * v 
shows an aerial view of a coastline, with waves washing past 
an offshore jeHy. Notice the pattern form^^d-tJ^me waves. 

You can understand this pattern and^e effect it might" 
have yn a shorelin| by doing <a stream-table activity. You '. ' 
.will need a partner, one stream'-tabk tel, two plaster blocks, 
and one wooden block. ' • • • - 



Y 4 A(^TiVITY 1. Set up the stream table with a sloping sand 

beach at one end, with the water about 2 cm deep where it 
meets the beach. Generate waves by gently pushing the 
wooden block up and down rhythmically every 3 seconds. 
Notice the pattern produced by the waves and the effect of 
the waves on the, beach. 




ACTIVITY 2. Now^put two plaster blocks into the water as 
shown. The bfocks should have a space of at teast^4 cm 
' between them and should appear above water Jevei. 

Generate waves In the same way that you did in Activity 
1. Note the pattern this time and the effect on the shore. 




Where a prevailing wind is blowingnoward land at fight 
angles to a straight coastline, the' wave pattern is like the 
.one you found in your first simulation experiment. The crests 
RESOURCE 40 approach the coastline parallel to each other and to the coast. 
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Almost all energy is concentrated on the coast, causing steady 
erosion ail along the coast. Figure 2 shows the typical wave 
pattern for these conditions. 



Parallel 
crests 




Figure 2 

Did you get a ci^rved pattern when the waves passed 
throu^ t^e gap in your second experiment? When parallel 
waves pass the edge of an obstacle, of' between obstacles 
the crests curve. This is called dijfraaion. Your second exper- 
iment should have produced a pattern like that ip Figure 3, 
Compare this with Figure 1. 



Direction of 
prevailing wind 



Waves curved - 
by diffraction 



VUave In contact with 
headland is slowed down. 



Parallel 
wave pattern 




Headland 



Where a coastline is neither straight nor at right angles 
to the prevailing wind, some parts of the wave line reach 
landtrefore others. The parts that reach land first are slowed 
down, whereas the other parts continue at the same speed. 
The wave line bends, and this is called redaction. Predict 
what wave pattern^you would get with \yaves entering a wide, 
curved bay. .1 . . •' ' 
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ACTIVITY 3. Pll« your sand mixture at one end to make a 
deeply Oiirved, scooped-out bay. and generatA more waves. 




Did you predict correctly? Where is the most beach- 
forming activity when waves are curved by refraction enter- 
ing a bay?This'fcxperiment should help you understand how 
wave refracrion helps to form beaches at the head^^f curved 
bays as well as pocket beaches between headlands* 



41 Waves at an Angle 
and Movement 
Of Sand 



What happens to a coastline when the wave pattern reaches 
the^hore at an angle most ofthe time? Imagine a consistent 
wave pattern approaching a beach coastline as shov^ in 
Figure 1. 



Predict what will happen to the shape of the wav^ pattern 
when the waves reach the shore. Make a diagram to illyMrate 
your prediction. 

Now get a partner, a complete stream-table setup, a piece 
ol wood, and two plaster blocks. You can conduct a simula- 
tion experiment to see^f your prediction is correct and to. 



ACTWITY 1. Pile the sand-silt mixture along one side of the 
stream table and put W9ter Into the table to a depth of about 
3 cm. Place the piece of wood you are ueing as a wave gener- 
^or at an angle, as shown. Push down qn it every three 
spends or so to produce a pattern of waves at an angle to 
the shore. Watch the wave pattern and the erosion effect 
carefully. 



Wooden block for wave generator 
at an angle to produce dblique waves 



Satnd-silt 
mixture 




\ . 



V 



Did you predict the waVe patti^rn correeUy? What hap- 
pened to the beach? ' . 

In your simulation, the wave pattern curves into the beach, 
and the sand is shifted steadily along the shore in a process 
that is called longshore drift 

. Because mati uses beaches for recreation and builds homes 
on the seashore, he often builds structures to reduce beach 
erosion. Let's see what these structures do. 



t ■ 
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ACTIVITY 2. Qet the plaster blocks and set them at right 
angles to your simulated beach» one on top of the other The 
topmost block must be above water. Make waves at an angle 
as you did before and observe what happens as the blocks 
obstruct the longshore drift. 




The diagram in Figure \ shows how the waves are bent 
(refracted) as they reach the shore area. As long as the waves 
follow this pattern, the sand builds up beside the obstruction. 
Boat ramps, sea walls, or jetties can interfere with longshore 
drifts of sand along a beach and in much the same way cause 
a change in the shape of the coast. A jetty at Panama City, 
Florida, is shown in Figure 3. 

• Accumulation 




Figure 3 
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42 Measuring Sea Level 

Many times in ihe chapiers in Crmty Problems ihcre 

rc erences to The elevation Of mountain and ^ ac 

along nvcr systems is related to sea level. Along the coast 
major landscape changes are related to sea Tevel IH a 1 
very well to talk about sea level, but how can it be meastlred . 

n„ ^'^^Tk ''^ '"T" " "-harf. piles standing 

out of the water, or beaches and shore rocks over a period 

.sn-tT;!;rt' " ""O"'"^ >l-> sea level jus. 

«n t level! Waves can cause a minute-to-minule change 
Tides can cause a day-to-day, week-to-week, and month"fo-' 

^"^ ' ^"S^'-y ""^-n- Viet of 

sea level if you are m a boat looking at the land. 



CLUSTER a 

(Resouj^ces 42-44) 




. ' Figure 1 



* What can you do to [^ct an operational definition tor xea 
level when it is changing all the time? The measurement of 
sea level is no easy task. Usually the problem of making such 
a measurement is solved by installing a measuring instru- 
-tticm" called, a. tiik ..^augeiMA\l^^S.^A of a ,]iier that stretches 
far out into the sea: 



Opening 
to sea 



Cable 




Rotating 
drum 




Moving sheet 
of paper 



ff Weight 



Fi^at (moves up and down with the tide) 



Figure 2 



A tide gaiige^has a cylinder with' a small openi^ that 
allows water to enter arid . fill the cylinder to th^jevels 
reached by the tide. lOne common form has a float In tihe 
cylinder. As the float moves up and down with the tide, a 
cable turns a drum, and a pen drfiws a line on a moving 
sheet of paper ' - - ' 
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So 
I 



Days 




Chan datum level 





A 



1 he pen traces out records like" that on the chart shown 
in f igure 2/1 he graph, developed over a period of liiiie. 
sjiows the highest Ie\«el reached by the tide, the lowest level, 
and alUevels between. 

From continuous readings like these, taken over a long 
time a vakie for me^n sea level can be calculated. Mean 
sea level is an average value between high water and low 
water. \^ii;h value on this chart would be about the level 
ot mean lev^l^ 

. The United States Coast and. Geodetic Survey classifies 
n tide^stations as primary, or first class, only if they have becn< 
in continuous.operation for more than nineteen years There 
are about 40 places in the United States that are first-class 
stations. 

'Charts from all these stations are used to calculate the 
mean sea level, to which all surveying measurements are 
itlated. • ^ 

Careful measurement has shown that the sea level- is not 
the same at all places (s^e Figure 3k For example, if the 

^ sea level at St. Augustine. Florida? is talcen as zero, then the 
sea Iqvel at Portland, Maine, is about 38 cm higher; at Sai ' 
Diego. j:ahfornia, it is i^bout 58 cm higher; and on the 

-OregOrf coast it is about 86 cm higher. 




Portland. 

Maine . +38 cm 



4 • 



SciciUists arc not certain why ihcrc is a diUcrcncc in sea 
IcvcK but they think it \> related to sucli variables as baro- 
metric pivssurc and water lempcraiure. 



43 Tidal Effects on 
Shorelines 
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bne of the most noticeable cyclic events (events occurring 
at reg.ular periods) that aft'ects the shoreline is the daily rise 
and fall of the tides. The dilVerence between high tide and 
low tide in the Ujiited States can be as much as three meters 
(10 ft), and in some parts of the world it can be more than 
nine or ten meters (33 ft). Only the larger lakes have measur- 
able tides; Lake Erie has a tidal range of only eight centime- 
ters (3 in). 

Men have noticed how tidal cycles follow the daily cycles 
of the earth, moon, and sun. The present theory of tides 
explains l^m in terms of the gravitational attraction of the 
moon an<;} sun, which causes the water on the earth's surface 
to bulge out. Ttie moon, though smaller than the sun, has 
a greater effect (over twice as great) because it is sd^much 
closer to the- earth. 

In Figure 2 of the previous resource, there is a chart show- 
. ing a daily tide record. Notice that the recordings in the early 
part of the chart show a big dffference between high-tide 
level and low-tide level (almost four meters on the sixth day) 
while a week later the difference is oVily about one meter. 
When the moon and the sun are in a straight line with'the 
earth so that their gravitational attractions are pulling to- 
gether, big tides are caused. When they are at right angles, 
their attractions work against one another, and the differ- 
ences are small. TJhis causes a cycle of big tidal differences 
at qertain times of the month abd small differences at other 
times. ^> 1 ' ' 

Oh a gently sloping shore like the, one pictured ;n Figure 
• 1, the period' of big tides causes wave action on the upper 
part of the^beach for the first time since .the last big tyies.' 
You cari imagine the u:emfi>hdous effects a combination of 



V 



a Sturm and one ol* these vei v high tales has on liie upper 
part of the beach and the dunes. 




Highest tide 



Lowest tide - — _ 

Level reached by the lowest tide ol the year 
Figure 1 

On a cM or steep shore, the tide cycle affects the part 
of the shore that gets undercut by wave action. In Resoifrce 
38, you saw that most of the erosion takes place at sea level. 
If the rise and fall of the tide is smalt only a narrow strip 
is expO;>ed to wave action. U the change is large, a much 
wider strip is exposed. The range of the rise and fall of the 
tide controls how much of the cliff face is affected by wave 
action. " ♦ 



Biggest tidal range 



Figure 2 



Region of underouttfcig depends on tide range. 
Highest tide 




Wave*cut bench - 
. Range of tide during period of s/Daii changes 

Range of tidejlurtng period bf large changes 
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44 Changing Sea Level 
and Erosion 



This resource will help you lind out what etiect a change 
in sea level can have on a cliU'-type coastal landscape. To 
get started, obtain two plaster blocks (one larger than the 
other), some of the sand-silt mixture, a piece of wood, and 
a stream tabic. You wifl use the sand-silt mixture and plaster 
blocks to build your own landscape. 

ACTIVITY 1« Pack^your sand-silt mixture at one end of the 
stream table as shown, embedding the two plaster blocks 
along the front edge. Raise this landscape end of your stream 
taUe with a block of wood or other support. Then fill the other 
enc^ with water until it just covers the smaller of the two plas- 
ter blocks. 

, Model landscape 




ACTIVITY 2. P\m the piece of In the Mrearn table at 
t|i^ opposite ehd from your model landscape. Kish down 
gently on ths wood with the palm of your hand and then 
quickly lift your hand. Do this every^ seconds or so, and you 



will t^ato* gentle waves. 




Sanct*«ltt mixture 



Block of wood 



Keep making wavcji^this way for about .s minutes. Notice 
where the erosion at this sea level takes place. Now let the* 
wate; out through the drainage hole until only the lower halt" 
of the small^'r plaster block is covered with .'water. Then 
repeat the wave action to#see how a change ii^ea level can- 
atrbct the landscape.' . 

^^'^ and^cuts a bench 

lFig"ufe'T)/rhe'c¥ff'bd 

drops, erosion cannot take place at tl)i$ level any more, and ^ 
a flat wave-cut bench is left. The old fclilTs are left behind, ' 
but they often lose their distinctive features because of slides' 
aritf erosion. Old wave-cut benches can be recognized on 
many coastlines and are evidence of chai\ges in sea level. 



Old cHtfs (worn down by weatherin<) and erosioh) 



Old wavQ-cu\ benches 




Figure 1 



Present sea level 
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CLUSTER C 

(Resources 45-47) 
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45 Where Does Beach 
Sand Come From? 



I he moviemakers' concept of an island paradise is a white 
sand beach with waving palms, but while beaches in the 
tropics and in southern regions of the' Unii.ed States are not 
all that common. 

In Hawaii, some ofthe beaches are black. In Florida, some 
of the beaches are tawny, some are bufl-cxylored, and there 
are long stretches of eggshell-white beach. On the West Coast 
of the United States, beaches are more often brownish-gray 
All these beaches h^ve sand.. How can the si«d be so differ- 
ent from beach to. beach? 

Sand is simply a name given to rock material ground to 
a certam size by the action of water or wind. Beach sand 
is formed by the grinding action of rocks on each othe» and 
on bedrock when vigorously rolled by mpving water of high 
kinetic energy. ^ . ° 

This process can happen in the fast-flowing section of a 
river. Because the sand particles are small, they are carried 
tar beyond the rocky region where they were formed. And 
It the kinetic energy of th$ stream is sufficiently high the* 
particles can eventually be washed out to' sea. Many particles 
get no farther than the river mouth, where they build up 
as sandbars. Others, however, are swept along by sea currents 
and wave action, finally .becoming part of a beach 

Sand partu:les break off from, rocks when waves batter the 
rocks against each other or against the cU/Ts. This sand can 
be deposited on pocket beaches in the bays between rocky 
headlands or carried away by wave kction and washed up 
on a beach elsewhere. * ^ ^ 

The color and" kind of sand formed depend, on the kind' 
of rock that was ground down. Ih general, rocks made of 
hard minerals break down to sand. White sand like that 
along the southeast coatst usually comes from quartz Darker 
'sands are often formed by the breakdown of dark-colored 
Igneous or m^tamorphic rock^ The black sands of Hawaii 
are composed of tiny grains broken from "dark-colored lava 
rock. In some localities, the color ofthe beach may be altered 
by wastes, organic r vrer, or mixtures of clay with the safld? 



SiMiie of the sand on the Oregon beach in Figure 1 below 
eould have come from the grinding down of the rocky head- 
land in the distance. There are no rocky headlands within 
hundreds of miles of the Florida beach pictured in Figure 
2, Part of this sand comes from broken shells and coral, 
though some may have been brought a long way by ocean 
currents. 




Figure 2 



46 Spits and Sandbars 

Where rivers enter the sea, the river mouths are often partly 
blocked by deposits of sand called sandbars. Long, curved 
sandbars called spits also form at the tip of headlands that 
project into the sea. 

One way that spits form can be demonstrated in a^tream 
table. Imagine auong coastline with angled waves drifting 
along a shallow shore. Can you predict what kind of beach 
will form where the coastline changes direction? 





ACTIVITY 1. Pile Up th« sand-silt mixture to make a beach 
from one corner of the stream table to about the middle, as 
shown* Then put In a plaster block to represent a rock head- 
land. Pour In water to a depth of about 3 cm. Generate angling 
waves by pushing down every 3 seconds on a wooden block. 
Do tWs for about 5 to 10 minutes. 



Plaster block to represent headland 
Sand-silt mixture 




Change of direction of coastline 

Wave pattern 
Wooden block as wave generator 



Your simulation should have produced a landform like 
that shown in Figure 1. Longshore drift shifts the sand along 
the coast to the headland. The energy of the waves is reduced 
as they swing around the headland, and the sand is deposited 
gis a curved sandbar, or spit. 



Beach 




Sandbars caiwilM> be ♦Icposiicd oil tlic nu>u(h.s ol' nvcis 
or in shallow water olT^a "beach when currents carrying a load 
ot sand are slowed down and lose energy. 

. ) 



47 Rise in Sea Level * 
Floods Valleys 



.4 




The large body„pf water in the mountain scene of Figure 1 Figure 1 
is not a lake system; it's a system of valleys flooded by 
the sea. The scene is in Ala.ska where Tracy Arm (in the ' • 
j foreground) empties into Holkam Bay. The bay, in turn, 

I connects with the Pacific Ocean. 

* Since you have already done the mountain chapter, you 

will recognize features which indicate that the landscape was 193 

* 





i^lacially cuKcd. Ihciv is cvidlrncc thut duwn^ ibc icc-aj^c 
period, when these iiuniiilains were being carved lo their 
* present shape, great ice sheets covered niudi of ihe Northern 
^•Hemisphere. With Si) much of the earth's water trapped in 
.tile form of glacial ice, the sea level would have l^een much 
lower thcji than now. 

One theory suggests that as the climate changed to a 
warmer one, the ice sheets melted back to their present- 
^ . positions over the North and Soiuh Poles. The water releas^ed 

by the melting ice raised the sea level - one estimate is by 
about 100 meters. A rise as brg as thisY^auscd the Hooding . 
of many valleys near the coast. 

•I-looded., ice-cafved valleys like Tracy Arm are sometimes 
called fiords, while fliH)dcd river-carved valleys are called 
csiuahes. Many of the world':? best harbors occupy tlOiKied 
viflkys. Some deep harbors in North Aanerica that have. 
Jormcd because of the flooding of river valleys include the 
Hudson River, Clicsapeake Bay, Delaware Bay, San I-ran- 
Cisco Bay, and the straits and harbors between British Co- 
Figure 2 lumbia and the slate of WashingU)n. Oslo, Norway, is at the 
far end of a 90-niile Tiord. 



River valley 



0 meters — 
Old sea level 




Coastcti plain 
Coastline 





f 'UHHimg due lo a rise in sea level caused by inelimg icc 
is not the only poNsible way offo^^ming an t^stuary or a tiord. 
The same result, would occur if earth inovcnients caused the 
land to sink beneath the sea* The diaguun in I "igure 2 show;. , 
how a river valley could Ueci>nie an estuary if the sea IcycI 
rose, or the land sank, or' a combination of both ellects 
resulted in a relative rise in sea level. 
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